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EXPRESSION OF EXOGENOUS POLYNUCLBOTIDE 
SEQUENCES IN A VERTEffiiATE 

MCKgROPND OF THE TliVTrN-TI^|f 
The present invention relates to introduction of naked 
UNA and RNA sequences into a vertebrate to achieve 
controlled expression of a polypeptide. it is useful in 
gene therapy, vaccination, and any therapeutic situation in 
whicsh a polypeptide should be adainistered to cells m vivo. 

currant research in gme therapy has focused on 
"permanent" cures, in whicsh DNA is integrated into the 
genoae of the patient. Viral vectors are presently the most 
frequently used means for transforming the patient's cells 
15 and introducing DNA into the genome. In an indirect method, 
viral vectors, carrying new genetic information, are used to 
infect target cells removed from the body, and these cells 
are then re-implanted. Direct in vivo gene transfer into 
postnatal animals has been reported for formulations of dna 
20 encapsulated in liposomes and dna entrapped in 
proteoliposomes containing viral envelope receptor proteins 
(Nicolau et al., Proc. Natl. Ar«.a f^nA rip^ 80:1068-1072 
(1983); Kaneda et al., ficiflnsfi 243:375-378 (1989); Kannino 
BigtgghniqUBg 6:682-690 (1988). Positive results 
25 have also been described with calcium phosphate co- 
precipitated DNA (Benvenisty and Reshef Proc. wi.«-i . ^^^^ 
83:9551-9555 (1986)). 
The clinical application of gene therapy, as well as 
the utilization of recombinant retrovirus vectors, has been 
30 delayed because of safety considerations. Integration of 
exogenous ONA into the genome of a cell can cause DNA 
damage and possible genetic changes in the recipient cell 
that could predispose to malignancy. A method which avoids 
these potential problems would be of significant benefit in 
35 making gene therapy safe and effective. 

Vaccination with immunogenic proteins has eliminated 
or reduced the incidence of many diseases; however there 
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are major difficulties in usino r^r^^t 

other p.th.,™e ^^ZJ^^,,.^''' "^^^ 

maimer m whic* the immune system operates 

inter!!!. °^ vertebrates consists of several 

interacting components. The best eh»^.^ ■ several 

l-P«^ part. .r. th. InT^u^"'*! 
" Which .„ «„«t«t into tJ body nTldn^tTL 

r.ll« on .p.cial ooll. whloh ret^TT^ «r*~*' 
«»X1. whioh „. producing ,o«i,„TtiL. ^ 
'•"ctlon.l division renects two di«t^\,,T'. 

dlnlar ^f. r«««^ to Ji,^ "t"' 
synthMl^ed within th. Mta-i. "* ""^"^ 

Antibody noloculot, tb* Utmatar. ^ 
" «e .ecroted by .p,clLx B ^ ZxTT JT"'":- 
response to .ntlg«,. Antibodies om blH^*!' ^ . ' ^ 

cellular iamiune recoonitlon ^ ^ 

"11. not r««^se «.oae ^1,^ 1 i^" 
«^ to d.,r«tod peptide tr^Z ther^, 
on the surtace of the target cell 

Class X „,or bi.toco^!C^ °c4"*tt 
10 E.s«,tlally all nucleated oils L.T«1 I I 

is believed that proteins P^Z^ " 
oontlnually degraded to peptides «nartT 
»«tabolis». Th«» frao..-*. ! cellular 
xnese rragnents are bound to tli« aw — i 

and ar. transported to the cell surface ^ "ol«o«l«. 
5 ~ svste. 4. ~ ^ o«" «urface. Thus the cellular 

Px.t.lns"^ue.^-I„~l^, rr^' - 

.linlnet. any cell, prod™:^.^,^ " 
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Vaccindtion is the process of preparing an aninal to 
respond to an antigen. Vaocination is more coa^lex than 
inmune recognition and involves not only b cells and 
cytotoxic T cells but other types of lya«»hoid cells as 
5 well. During vaccination, cells yAiith recognize the 
antigen (B cells or cytotoxic T cells) are donally 
expanded. in addition, the population of ancillary cells 
(helper T cells) specific for the antigen also increase. 
Vaccination also involves specialized antigen presenting 
10 cells which can process the antigen and display it in a 
form which can stinulate one of the two pathways. 

Vaccination has changed little since the time of Louis 
Pasteur. A foreign antigen is introduced into an animal 
where it activates specific B cells by binding to surface 
15 immunoglobulins. It is also taken up by antigen processing 
cells, wherein it is degraded, and appears in fragments on 
the surface of these cells bound to Class II MHC molecules. 
Peptides bound to class ii molecules are capable of 
stimulating the helper class of T cells. Both helper T 
cells and activated B cells are required to produce active 
humoral immunization. cellular immunity is thought to be 
stimulated by a similar but poorly understood mechanism. 

Thus two different and distinct pathways of antigen 
processing produce exogenous antigens bound to class II mhc 
molecules where they can stimulate T helper cells, as well 
as endogenous proteins degraded and bound to class I MHC 
aolecules and recognized by the cytotoxic class of t cells. 

There is little or no difference in the distribution 
30 of MHO molecules. Essentially all nucleated cells express 
class I molecules whereas class ii MHC proteins are 
restricted to some few types of lymphoid cells. 

Normal vaccination schemes will always produce a 
humoral inmune response. They may also provide cytotoxic 
35 immunity. The humoral system protects a vaccinated 
individual from subsequent challenge from a pathogen and 
can prevent the spread of an intracellular infection if the 
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pathogen goes through an extracellular phase during its 
life cycle; however, it can do relatively little to 
elioninate intracellular pathogens. Cytotoxic immunity 
complements the humoral system by eliminating the infected 
5 cells. Thus effective vaccination should activate both 
types of iamiinitye 

A cytotoxic T cell response is necessary to remove 
intracellular pathogens such as viruses as well as 
malignant cells. it has proven difficult to present an 
exogenously administered antigen in adequate concentrations 
in conjunction with Class 1 molecules to assure an adequate 
response. This has severely hindered the development of 
vaccines against tumor-specific antigens (e.g., on breast or 
colon cancer cells) , and against weakly immunogenic viral 
proteins (e.g., HIV, Herpes, non-A, non-B hepatitis, CMV and 
EBV) • 

It would be desirable to provide a cellular immune 
response alone in immunizing against agents such as viruses 

20 ^--n Bl^own to enhance 

20 infectivity. it would also be useful to provide such a 
response against both chronic and latent viral infections 
and against malignant cells. 

The use of synthetic peptide vaccines does not solve 
these problems because either the peptides do not readily 
25 associate with histocompatibility molecules, have a short 
serum half-life, are rapidly proteolyzed, or do not 
specifically localize to antigen-presenting monocytes and 
macrophages. At best, all exogenously administered 
antigens must compete with the universe of self-proteins 
30 for binding to antigen-presenting macrophages. 

Major efforts have been mounted to elicit immune 
responses to poorly immunogenic viral proteins from the 
herpes viruses, non-A, non-B hepatitis, HIV, and the liJce 
These pathogens are difficult and hazardous to propagate in 
35 vitro. AS mentioned above, synthetic peptide vaccines 
corresponding to viral-encoded proteins have been made, but 
have severe pitfalls. Attempts have also been made to use 
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vaccinia virus vectors to esgpress proteins from other 
viruses. However, the results have been disappointing, 
since (a) recombinant vaccinia viruses nay be rapidly 
eliminated from the circulation in already immune 
5 individuals, and (b) the administration of complex viral 
antigens may induce a phenomenon known as "antigenic 
competition," in which weakly immunogenic portions of the 
virus fail to elicit an immtine response because they are 
out-competed by other more potent regions of the 
10 administered antigen. 

Another major problem with protein or peptide vaccines 
is anaphylactic reaction which can occur when injections of 
antigen are repeated in efforts to produce a potent immune 
response. in this phenomenon, IgE antibodies formed in 
response to the antigen cause severe and sometimes fatal 
allergic reactions. 

Accordingly, there is a need for a method for invoking 
a safe and effective immune response to this type of 
protein or polypeptide. Moreover, there is a great need 
for a method that will associate these antigens with Class 
I histocompatibility antigens on the cell surface to elicit 
a cytotoxic T cell response, avoid anaphylaxis and 
proteolysis of the material in the serum, and facilitate 
localization of the material to monocytes and macrophages. 

A large number of disease states can benefit from the 
administration of therapeutic peptides. sucib peptides 
include lymphokines, such as interleukin-2 , tumor necrosis 
factor, and the interferons; growth factors, such as nerve 
growth factor, epidermal growth factor, and human growth 
30 hormone; tissue plasminogen activator; factor VZZItC; 
granulocyte-macrophage colony-stimulating factor; 
erythropoietin; insulin; calcitonin; thymidine kinase; and 
the like. Moreover, selective delivery of toxic peptides 
(such as ricin, diphtheria toxin, or cobra venom factor) to 
35 diseased or nec^lastic cells can have major therapeutic 
benefits. Current peptide delivery systems suffer from 
significant problems, including the inability to 
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effectively incorporate functional cell surface receptors 
onto cell membranes, and the necessity of systeaically 
administering large quantities of the peptide (with 
resultant undesirable systemic side effects) in order to 
deliver a therapeutic amount of the peptide into or onto 
the tiurget cell. 

These above-described problems associated with gene 
therapy, immunization, and delivery of therapeutic peptides 
to cells are addressed by the present invention. 

DESCRIPTTOW OP Tini; ffpftffxma 
Figure 1 comprises autoradiograas of cShromatographic 
studies showing the expression of the CAT gene in mouse 
muscle. 

Figure 2 comprises photomicrographs of muscle tissue 
stained for beta-galactosidase activity following injection 
with the pRSVLao-Z I»TA vector. 

Figure 3 presents data for luciferase activity in muscle 
following the injection of ^gLucBgAn into muscle. 
Figure 4 presents an autoradiogram of a Southern blot after 
20 analysis of extracts from pRSVL-injected muscle. 

Figure 5 comprises graphs showing antibody production in 
Bice following the injection of a gene for an immunogenic 
peptide. 

Figure 6 comprises graphs showing antibody production in 
nice following the injection of mouse cells transfected 
with a gene for an immunogenic peptide. 

SUMMARY OF Tfn^ ^[ tVEHTTp^ 

laie present Invention provides a method for delivering 
a Pharmaceutical or immunogenic polypeptide to the interior 
Of a cell of a vertebrate in vivo, comprising the step of 
introducing a preparation comprising a pharmaceutically 
acceptable injectable carrier and a naked polynucleotide 
operatively coding for the polypeptide into the Interstitial 
space of a tissue comprising the cell, whereby the naked 
polynucleotide is taken up into the interior of the cell and 
has an immunogenic or pharmacological effect on the 
vertebrate. Also provided is a method for introducing a 
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polynucleotlde Into muscle cells in vivo, comprising the 
steps of providing a composition comprising a naked 
polynucleotide in a pharmaceutically acceptable carrier, and 
contacting the composition with muscle tissue of a 
5 vertebrate in vivo, whereby the polynucleotide is introduced 
into muscle cells of the tissue. The polynucleotide may be 
an antisense polynucleotide. Alternatively, the 
polynucleotide may code for a therapeutic peptide that is 
expressed by the muscle cells after the contacting step to 
10 provide therapy to the vertebrate. Similarly, it may code 
for an immunogenic peptide that is expressed by the muscle 
cells after the contacting step and which generates an 
immune response, thereby immunizing the vertebrate. 

One particularly attractive aspect of the invention is 
a method for obtaining long term administration of a 
polypeptide to a vertebrate, comprising the step of 
introducing a naked DNA sequence operatively coding for the 
polypeptide interstitially into tissue of the vertebrate, 
whereby cells of the tissue produce the polypeptide for at 
least one month or at least 3 months, more preferably at 
least 6 months. In this embodiment of the invention, the 
cells producing the polypeptide are nonproliferating cells, 
such as muscle cells. 

Another method according to the invention is a method 
for obtaining transitory expression of a polypeptide in a 
vertebrate, comprising the step of introducing a naked mSNA 
sequence operatively coding for the polypeptide 
interstitially into tissue of the vertebrate, whereby cells 
of the tissue produce the polypeptide for less than about 
20 days, usually less than about 10 days, and often less 
than 3 or 5 days. For many of the methods of the 
invention, administration into solid tissue is preferred. 

One important aspect of the invention is a method for 
treatment of muscular dystrophy, comprising the steps of 
35 introducing a therapeutic amount of a composition 
comprising a polynucleotide operatively coding for 
dystrophin in a pharmaceutically acceptable injectable 



20 



25 



30 



wo 90/11092 PCT/US90/01515 

-8- 

carrler in vivo into muscle tissue of an animal suffering 
from muscular dystrophy, whereby the polynucleotide is 
taken up into the cells and dystrophin is produced in vivo. 
Preferably, the polynucleotide is a naked polynucleotide 
5 and the composition is introduced interstitially into the 
muscle tissue. 

The present invention also includes pharmaceutical 
products for all of the uses contemplated in the methods 
described herein. For exaaqple, there is a pharmaceutical 

10 product, comprising naked polynucleotide, operatively 
coding for a biologically active polypeptide, in 
physiologically acceptable administrable form, in a 
container, and a notice associated with the container in 
form prescribed by a governmental agency regulating the 

X5 manufacture, use, or sale of pharmaceuticals, which notice 
is reflective of approval by the agency of the form of the 
polynucleotide for human or veterinary administration. 
Such notice, for example, may be the labeling approved by 
the U.S. Food and Drug Administration for prescription 

20 drugs, or the approved product insert. 

In another embodiment, the invention provides a 
pharmaceutical product, comprising naked polynucleotide, 
operatively coding for a biologically active peptide, in 
solution in a physiologically acceptable injectable carrier 

25 and suitable for introduction interstitially into a tissue 
to cause cells of the tissue to express the polypeptide, a 
container enclosing the solution, and a notice associated 
with the container in form prescribed by a governmental 
agency regulating the mzmufacture, use, or sale of 

30 pharmaceuticals, ^ich notice is reflective of approval by 
the agency of manufacture, use, or sale of the solution of 
polynucleotide for human or veterinary administration. The 
peptide may be immunogenic and administration of the 
solution to a human may serve to vaccinate the human, or an 
35 animal. Similarly, the peptide may be therapeutic and 
administration of the solution to a vertebrate in need of 
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therapy relating to the polypeptide will have a therapeutic 
effect. 

Also provided by the present invention is a 
pharmaceutical product, comprising naked antisense 
5 polynucleotide, in solution in a physiologically acceptable 
injectable carrier and suitable for introduction 
interstitially into a tissue to cause cells of the tissue 
to take up the polynucleotide and provide a therapeutic 
effect, a container enclosing the solution, and a notice 

10 associated with the container in form prescribed by a 
governmental agency regulating the manufacture, use, or 
sale of pharmaceuticals, which notice is reflective of 
approval by the agency of manufacture, use, or sale of the 
solution of polynucleotide for human or veterinary 

15 administration. 

one particularly iiqiortant aspect of the invention 
relates to a pharmaceutical product for treatment of 
muscular dystrophy, comprising a sterile, phannaceutically 
acceptable carrier, a pharmaceutically effective amount of 

20 a naked polynucleotide operatively coding for dystrophin in 
the carrier, and a container enclosing the carrier and the 
polynucleotide in sterile fashion. 
Preferably, the polynucleotide is dna. 

Prom yet another perspective, the invention includes a 

25 Pharmaceutical product for use in supplying a biologically 
active polypeptide to a vertebrate, comprising a 
pharmaceutically effective amount of a naked polynucleotide 
operatively coding for the polypeptide, a container 
enclosing the carrier and the polynucleotide In a sterile 

30 fashion, and means associated with the container for 
permitting transfer of the polynucleotide from the 
container to the interstitial space of a tissue, whereby 
cells of the tissue can take up and express the 
polynucleotide. The means for permitting such transfer can 

35 include a conventional septum that can be penetrated, e.g., 
by a needle. Alternatively, when the container is a 
syringe, the means may be considered to comprise the 
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Plunger of the syringe or a needle attached to the syringe, 
containers used In the present Invention will usually hL 
at least i, preferably at least 5 or lo, and more 
preferably at least 50 or lOO Bicrograas of polynucleotide, 
5 to provide one or Bore unit dosages. For nuny 
applications, the container will have at least soo 
»lcrogra»s or l lailligraB, and often will contain at least 
50 or 100 milligrams of polynucleotide. 

Another aspect of the invention provides a 
10 pharmaceutical product for use in immunizing a vertebrate 
comprising a pharmaceutically effective amount of a naked 
polynucleotide operatively coding for an immunogenic 
polypeptide, a sealed container enclosing ThI 

15 wlir thT''^ ' ^'^'''^ ---ted 
15 with the container for permitting transfer of the 

polynucleotide from the container to the interstitial space 
Of a tissue, whereby cells of the tissue can take up and 
express the polynucleotide. 

Still another aspect of the present invention is the 
20 use Of naked polynucleotide operatively coding for a 
Physiologically active polypeptide in the preparation of a 
Pharmaceutical for introduction interstitially into tissue 
to cause cells comprising the tissue to produce the 
polypeptide. K,e pharmaceutical, for example, may be for 
25 introduction into muscle tissue whereby muscL ceUs 
produce the polypeptide. Also contemplated is such use 
Wherein the peptide is dystrophin and the pharmaceutical 
lor treatment of muscular dystrophy. 

Another use according to the invention is use of naked 
30 antisense polynucleotide m the preparation of a 
Pharmaceutical for introduction interstitially into tissue 
of a vertebrate to inhibit translation of polynucleotide in 
cells of the vertebrate. 

The tissue into which the polynucleotide Is introduced 
Z I * non-dividing cell. The polynucleotide 

»ay be either a DNA or rna sequence. when the 
polynucleotide is DHA, it can also be a DNA sequence wh!^ 
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and the plasmid further comprises a replicator. i>he DIU^ aay 
be a sequence engineered so as not to integrate into the 
host cell genome. The polynucleotide sequences aay code for 
5 a polypeptide which is either contained within the cells or 
secreted therefrom, or nay comprise a sequence which directs 
the secretion of the peptide. 

The DNA sequence may also include a promoter sequence. 
In one preferred embodiment, the DNA sequence includes a 

10 cell-specific promoter that permits substantial 
transcription of the DNA only in predetermined cells. The 
DHA may also code for a polymerase for transcribing the 
DNA, and may comprise recognition sites for the polymerase 
and the injectable preparation may include an initial 

15 quantity of the polymerase. 

In many instances, it is preferred that the 
polynucleotide is translated for a limited period of time 
Bo that the polypeptide delivery is transitory. The 
polypeptide may advantageously be a therapeutic 

20 polypeptide, and may comprise an enzyme, a hormone, a 
lymphokine, a receptor, particularly a cell surface 
receptor, a regulatory protein, such as a growth factor or 
other regulatory agent, or any other protein or peptide 
that one desires to deliver to a cell in a living 

25 vertebrate and for which corresponding DNA or aRNA can be 
obtained. 

In preferred embodiments, the polynucleotide is 
introduced into muscle tissue? in other embodiments the 
polynucleotide is incorporated into tissuess of skin, 

30 brain, lung, liver, spleen or blood. The preparation 1^ 
Injected into the vertebrate by a variety of routes, t^iefa 
■ay be intradermally, subdermally, Intrathecally, or 
intravenously, or it may be placed within cavities of the 
body. in a preferred etf»odiment, the polynucleotide is 

35 injected intramuscularly, m still other embodiments, the 
preparation comprising the polynucleotide is Impressed into 
the skin. Transdermal administration is also contemplated. 
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as is inhalation. 

m one preferred «*bodi»ent, the polynucleotide is DHA 
coding for both a polypeptide and a polymerase for 
transcribing the DNA, and the DNA includes recognition 

J^er iLrr "^'^ injectable preparation 

further includes a means for providing an initial quantity 
Of the polymerase in the cell. The initial quantity of 

S^^^iv r ^^''^^^^^ ^°5«ther With the DHA. 

^ternatively, it may be provided by including mRNA coding 
therefor, which mRNA is translated by the cell. i„ thil 

Prefer!:iy : 

Plas.id. Preferably, the polymerase is phage T7 polym^ase 
s"^re."'°^ '''' * ^ "'^'^ replication 

there'^ir'^^'Tr 7'"^ ""^""^ Invention, 

there is provided a method for treating a disease 

associated with the deficiency or absence of a specie 
polypeptide in a vertebrate, comprising the stfps of 
Obtaining an injectable preparation comprising a 
Pharmaceutically acceptable injectable carrier containing a 
naked polynucleotide coding for the specific polypeptide; 
introducing the injectable preparation into a v^La^ 
and permitting the polynucleotide to be incorporated into a 
cell. Wherein the polypeptide is formed as the translation 
product Of the polynucleotide, and whereby the defid^^ 
or absence of the polypeptide is compensated for. 7n 
preferred embodiments, the preparation is introduced into 
^le tissue and the method is applied repetitively. The 
■ethod is advantageously applied where the deficiency or 
-bsen^is due to a genetic defect. The polynucleotide is 
prefe«bly a non-replicating dha sequence; the sequence 
»ay also be incorporated into a pia«nid vector which 
comprises an origin of replication. 

m one of the preferred embodiments, the 
polynuc eotide codes for a non-secreted polypeptide, and 
the polypeptide remains i„ Recording to this 

embodiment, when the polynucleotide codes for the 
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polypeptide dystrophin, the method provides a therapy for 
Duchenne's syndrome; alternatively, when the polynucleotide 
codes for the polypeptide phenylalanine hydroxylase, the 
nethod coaprises a therapy for phenylketonuria, in another 
5 preferred enbodiaent of the method, the polynucleotide codes 
for a polypeptide which is secreted by the cell and released 
into the circulation of the vertebrate; in a particularly 
preferred embodiment the polynucleotide codes for human 
growth hormone. 
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In yet another embodiment of the method, there is 
provided a therapy for hypercholesterolemia wherein a 
polynucleotide coding for a receptor associated with 
cholesterol homeostasis is introduced into a liver cell, 
and the receptor is expressed by the cell. ' 

In accordance with another aspect of the present 
invention, there is provided a method . for immunizing a 
vertebrate, con«>rising the steps of obtaining a preparation 
comprising an expressible polynucleotide coding for an 
immunogenic translation product, and introducing the 
20 preparation into a vertebrate wherein the translation 
product of the polynucleotide is formed by a cell of the 
vertebrate, which elicits an immune response against the 
immunogen. in one embodiment of the method, the injectable 
preparation comprises a pharmaceutically acceptable carrier 
containing an expressible polynucleotide coding for an 
immunogenic peptide, and on the introduction of the 
preparation into the vertebrate, the polynucleotide is 
incorporated into a cell of the vertebrate wherein an 
immunogenic translation product of the polynucleotide is 
30 formed, which elicits an .immune response against the 
immunogen. 

In an alternative embodiment, the preparation 
comprises one or more cells obtained from the vertebrate 
and transfected in vitro with the polynucleotide, whereby 
35 the polynucleotide is incorporated into said cells, where 
an immunogenic translation product of the polynucleotide is 
formed, and whereby on the introduction of the preparation 
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into the vertebrate, an lan^ne responee against the 
x»Bunogen is elicited. i„ any of the eabodi,aents of the 
invention, the immunogenic product inay be secreted by the 
cells or it may be presented by a cell of the vertebrate 
5 in the context of the »ajor histocompatibility antigens 
thereby eliciting an immune response against the immunLen' 
The method may be practiced using non-dividing,* 
differentiated cells from the vertebrates, which cells Zy 
be lymphocytes, obtained from a blood sample- 
10 alternatively, it may be practiced using partlall; 
differentiated skin fibroblasts which are ca^ie 
dividing. in a preferred embodiment, the method 1. 
practiced by incorporating the polynucleotide coding for an 
immunogenic translation product into muscle tissue 
15 The polynucleotide used for immunization is preferably 

an ^ sequence, although a non-replicating dna sequence 
may be used. The polynucleotide may be Introduced into 
tissue, of the body using the Injectable carrier alone; 
liposomal preparations are preferred for methods In which 
20 i" vi.ro transfectlons of cells obtained from the 
vertebrate are carried out. 

The carrier preferably is isotonic, hypotonic, or 
weakly hypertonic, and has a relatively low ionic strength 
such as provided by a sucrose solution. The preparatioi 
Z^"". advantageously comprise a source of a Uo^Z 
Which Is Incorporated into liposomes In the form of a 
polypeptide or as a polynucleotide. 

The method may be used to selectively elicit a humoral 
immune response, a cellular Immune response, or a mixture of 
30 these. in embodiments, wherein the cell expresses major 
histocompatibility complex of dass I, and the immunogenic 
peptide is presented in the context of the Class 1 complex 
the immune response is cellular and comprises the productioi 
of cytotoxic T-cells. ««uOTion 

35 in one such embodiment, the immunogenic peptide is 

^sociated With a virus, is presented in the context of 
Class I antigens, and stimulates cytotoxic T-cells which 
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are capabla'of destroying cells infected with the virus, a 
cytotoxic T-cell response may also be produced according 
the method where the polynucleotide codes for a truncated 
viral antigen lacking humoral epitopes. 
5 In another of these embodiments, the immunogenic 

peptide is associated with a tumor, is presented in the 
context of Class I antigens, and stimulates cytotoxic T 
cells which are capable of destroying tumor cells, m yet 
another embodiment wherein the injectable preparation 

10 coi^rises cells taken from the animal and transfected in 
vitro, the cells expressing major histocompatibility 
antigen of class I and class II, and the immune response is 
both humoral and cellular and comprises the production of 
both antibody and cytotoxic T-cells. 

15 In another eaibodiment, there is provided a method of 

Immunizing a vertebrate, comprising the steps of obtaining 
a positively charged liposome containing an expressible 
polynucleotide coding for an immunogenic peptide, and 
introducing the liposome into a vertebrate, whereby the 

20 liposome is incorporated into a monocyte, a macrophage, or 
another cell, where an immunogenic translation product of 
the polynucleotide is formed, and the product is processed 
and presented by the cell in the context of the major 
histocompatibility complex, thereby eliciting an immune 

25 response against the immunogen. Again, the polynucleotide 
is preferably mSNA, although UNA may also be used. And as 
before, the method may be practiced without the liposome, 
utilizing just the polynucleotide in an injectable carrier. 
The present invention also encompasses the use of JXfA 

30 coding for a polypeptide and for a polymerase for 
transcribing the DNA, and wherein the DNA includes 
recognition sites for the polymerase. The Initial quantity 
of polymerase is provided by including mRNA coding therefor 
in the preparation, idiieh mRNA is translated by the cell. 

35 The mRNA preferably is provided with means for retarding 
its degradation in the cell. This can include capping the 
a«NA, circularizing the ORNA, or chemically blocking the 5' 
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end of the nRNA. The DNA used in the invention loay be in 
the form of linear DNA or may be a plasnid. Episonal dna 
xs also contemplated. One preferred polymerase is phage T7 
UNA polymerase and a preferred recognition site is a T7 RNA 
5 polymerase promoter. 

The practice of the present invention requires 
obtaining naked polynucleotide operatively coding for a 
polyp^tide for incorporation into vertebrate cells a 
10 polynucleotide operatively code, for a polypeptide when it 
has all the genetic information necessary for expression by 
a target cell, such as promoters and the like. These 
polynucleotides can be administered to the vertebrate by 
any method that delivers injectable materials to cells of 
15 the vertebrate, such as by injection into the interstitial 
space of tissues such as muscles or skin, introduction into 
the circulation or into body cavities or by inhalation or 
insufflation. a naked polynucleotide is injected or 
otherwise delivered to the animal with a pharmaceutically 
20 acceptable liquid carrier. For all applications, the 
liquid carrier is aqueous or partly aqueous, comprising 
sterile, pyrogen-free water. The pH of the preparation is 
suitably adjusted and buffered. 

m the embodiments of the invention that require use 
25 of liposomes, for example, when the polynucleotide is to be 
associated with a liposome, it requires a material for 
forming liposomes, preferably cationic or positively 
charged liposomes, and requires that liposomal preparations 
be made from these materials, with the liposomal material 
30 in hand, the polynucleotide may advantageously be used to 
transfect cells in vitro for use as immunising agents, or 
to administer polynucleotides into bodily sites where 
liposomes may be taken up by phagocytic cells. 
Polvnueleol^^ii^^ NltTlllr 
35 The naked polynucleotide materials used according to 

the methods of the invention comprise DNA and RNA sequences 
or ONA and PNA sequences coding for polypeptides that have 
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useful therapeutic applications. These polynucleotide 
sequences are xiSlSSA in the sense that they are free from 
any delivery vehicle that can act to facilitate entry into 
the cell, for exaiq>le, the polynucleotide sequences are 
5 free of viral sequences, particularly any viral particles 
which may carry genetic infornation. They are similarly 
free from, or naked with respect to, any material ^idh 
promotes transfection, such as liposomal formulations, 
charged lipids such as Upofectin" or precipitating agents 
10 such as CaP04. 

The m(A. sequences used in these methods can be those 
sequences which do not integrate into the genome of the 
host cell. These may be non-replicating DNA sequences, or 
specific replicating sequences genetically engineered to 

15 lack the genome-integration ability. 

The polynucleotide sequences of the invention are DMA 
or RNA sequences having a therapeutic effect after being 
taken up by a cell. Examples of polynucleotides that are 
themselves therapeutic are anti-sense DNA and RNA; DMA 

20 coding for an anti-sense RNA; or DNA coding for tRNA or 
rRNA to replace defective or deficient endogenous 
molecules. The polynucleotides of the invention can also 
code for therapeutic polypeptides. a polypeptide is 
understood to be any translation product of a 

25 polynucleotide regardless of sise, and whether glycosylated 
or not. Therapeutic polypeptides include as a primary 
example, those polypeptides that can compensate for 
defective or deficient species in an animal, or those that 
act through toxic effects to limit or remove harmful cells 

30 from the body. 

Therapeutic polynucleotides provided by the invention 
can also code for immunity-conferring polypeptides, which 
can act as endogenous immunogens to provoke a humoral or 
cellular response, or both. The polynucleotides employed 
according to the present invention can also code for an 
antibody. In this regard, the term "antibody" encompasses 
whole immunoglobulin of any class. Chimeric antibodies and 
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hybrid antibodies with dual or multiple antigen or epitope 
specificities, and fragments, such as P(ab)2, Pab', Pab and 
the like, including hybrid fragments. Also included within 
the meaning of "antibody" are conjugates of such fragments 
5 and so-called antigen binding proteins (single chain 
antibodies) as described, for example, in U.S. Patent Ho 
4,704,692, the contents of which are hereby incorporated by 
reference. 

Thus, an isolated polynucleotide coding for variable 
10 regions of an antibody can be introduced, in accordance 
with the present invention, to enable the treated subject 
to produce antibody i„ situ. For illustrative methodology 
relating to obtaining antibody -encoding polynucleotides 
wee Ward et al. HaturSr 341:544-546 (1939); Gillies et al.' 
15 girtwhnol. 7:799-804 (1989); and Hakatani et al loc' 
ele., 805-810 (1989). The antibody in turn would exert a 
therapeutic effect, for example, by binding a surface 
antigen associated with a pathogen. Alternatively, the 
encoded antibodies can be anti-idiotypic antibodies 
20 (antibodies that bind other antibodies) as described, for 
example, in U.S. Patent No. 4,699,880. Such anti-idiotypic 
antibodies could bind endogenous or foreign antibodies in a 
treated individual, thereby to ameliorate or prevent 
pathological conditions associated with an immune response, 
25 e.g., in the context of an autoimmune disease. 

Polynucleotide sequences of the invention preferably 
code for therapeutic or immunogenic polypeptides, and these 
sequences aay be used In association with other 
polynucleotide sequences coding for regulatory proteins 
30 that control the expression of these polypeptides. The 
regulatory protein can act by binding to genomic DMA so as 
to regulate its transcription; alternatively. It can act by 
binding to messenger RNA to increase or decrease its 
stability or translation efficiency. 

«»e polynucleotide material delivered to the 
cells m vivo can take any number of forms, and the present 
invention Is not limited to any particular polynucleotide 
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coding for any particular polypeptide or group of 
polypeptides. It nay contain only a fragment of a gene, or 
may code for nultiple polypeptide sequences, and nay 
additionally contain recognition and promoter sequences. 
5 Piasmids containing genes coding for a large number of 
physiologically active peptides and antigens or inmunogens 
have been reported in the literature and can be readily 
obtained by those of skill in the art. 

Where the polynucleotide is to be DNA, promoters 
suitable for use in various vertebrate systems are well 
known. For example, for use in murine systems, suitable 
strong promoters include RSV VTR, mpsv LTR, sv40 iep, and 
metallothlonein promoter. In humans, on the other hand, 
promoters such as CMV IEP may advantageously be used. All 
forms of UNA, whether replicating or non-repllcatlng, idiich 
do not become integrated into the genome, and which are 
expressible, are within the methods conten^lated by the 
Invention. 

With the availability of automated nucleic add 
20 synthesis equipment, both DNA and RNA can be synthesized 
directly when the nucleotide sequence is known or by a 
combination of PCR cloning and fermentation. Moreover, 
when the sequence of the desired polypeptide is known, a. 
suitable coding sequence for the polynucleotide can be 
25 inferred. 

When the polynucleotide is mRNA, it can be readily 
prepared from the corresponding DNA in vitro. For example, 
conventional techniques utilize phage RNA polymerases SP6, 
T3, or T7 to prepare mRNA from OKA templates in the 

30 presence of the individual ribonucleoslde triphosphates. 
An appropriate phage promoter, such as a T7 origin of 
replication site is placed in the template DNA Immediately 
upstream of the gene to be transcribed. Systems utilizing 
T7 in this manner are well known, and are described in the 

35 literature, e.g., in Current Protocols in Molecular 
Biology, S3. 8 (Vol.1 1988). 
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One particularly preferred method for obtaining the 
xnRNA used in the present invention is set forth in Examples 
2-5. In general, however, it should be apparent that the 
PXGB plasmid or any similar plasmid that can be readily 
constructed by those of ordinary skill in the art can be 
used with a virtually unlimited number of cDNAs in 
practicing the present invention. such plasmids may 
advantageously comprise a promoter for a desired rna 
polymerase, followed by a 5' untranslated region, a 3' 
untranslated region, and a template for a poly a tract. 
There should be a unique restriction site between these 5' 
and 3' regions to facilitate the Insertion of any desired 
cDNA into the plasmid. Then, after cloning the plasmid 
containing the desired gene, the plasmid is linearized by 
cutting in the polyadenylation region and is transcribed in 
vitro to form mRNA transcripts. These transcripts are 
preferably provided with a 5' cap, as demonstrated in 
Example 5. Alternatively, a 5' untranslated sequence such 
as BMC can be used which does not require a 5' cap. 

While the foregoing represents a preferred method for 
preparing the mRNA, it will be apparent to those of skill in 
the art that many alternative methods also exist. For 
example, the mRNA can be prepared in commercially-available 
nucleotide synthesis apparatus. Alternatively, aRNA in 
25 circular form can be prepared. Exonuclease-resistant RNAs 
such as circular mRNA, chemically blocked mRNA, and mRNA 
with a 5' cap are preferred, because of their greater half- 
life in vivo. 

In particular, one preferred mRNA is a self- 
circularizing mRNA having the gene of interest preceded by 
the 5' untranslated region of polio virus. it has been 
demonstrated that circular mRNA has an extremely long half- 
life (Harland i Misher, Develcinnnt 102: 837-852 (1988)) 
and that the polio virus 5' untranslated region can promote 
translation of mRNA without the usual 5' cap (Pelletier s 
Sonnenberg, Nature 334:320-325 (1988), hereby incorporated 
by reference). 
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This Baterial aay be prepared from a DNA template that 
iB self-splicing and generates circular "lariat" inRiiAs, 
using the aethod of Been ft cech, Cell 47:206-216 
(1986) (hereby incorporated by reference). we aodify that 
5 template by including the 5' untranslated region of the 
polio virus immediately upstream of the gene of interest, 
following the procedure of Maniatis, T. et al. MOLBCOIAR 
CMHIKG: a IABORATOKY HUnnL, Cold spring Harbor, New York 
(1982). 

10 m addition, the present invention includes the use of 

nlOIA that is chemically blocked at the 5' and/or 3' end to 
prevent access by SNAse. (This enzyme is an exonuclease 
and therefore does not cleave SNA in the middle of the 
chain.) such chemical blockage can substantially lengthen 

15 the half life of the RNA la vivo. Two agents which may be 
used to modify rna are available from donetech 
Laboratories, Inc., Palo Alto, California: C2 
AminoModifier (Catalog « 5204-1) and Amino-7-dUTP (Catalog 
# K1022-1). These materials add reactive groups to the 

20 PNA. After introduction of either of these agents onto an 
RNA molecule of interest, an appropriate reactive 
substituent can be linked to the rna according to the 
nanufacturer's instructions. By adding a group with 
sufficient bulk, access to the Chemically modified SNA by 

25 SNAse can be prevented. 
Transient Ban«> ThflTTUffY 

Unlike gene therapies proposed in the past, one major 
advantage of the present invention is the transitory nature 
of the polynucleotide synthesis in the cells. (We refer to 

30 this as reversible gene therapy, or TGT.) with aSNA 
introduced according to the present invention, the effect 
will generally last about one day. Also, in marked 
contrast to gene therapies proposed in the past, mSNA does 
not have to penetrate the nucleus to direct protein 
35 synthesis; therefore, it should have no genetic liability. 

in some situations, however, a more prolonged effect 
nay be desired without incorporation of the exogenous 
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polynucleic acid Into the genome of the host orgamisn. 
in order to provide such an effect, a preferred e^ib^inent 
of the invention provides introducing a DNA sequence coding 
for a specific polypeptide into the cell. we have found 
5 according to the methods of the invention, that non- 
replicating DMA sequences can be introduced into cells to 
provide production of the desired polypeptide for periods 
of about up to six months, and ve have observed no evidence 
of Integration of the DNA sequences Into the genome of the 
10 cells. Alternatively, an even more prolonged effect can be 
achieved by introducing the OKA sequence Into the cell by 
means of a vector plasmid having the Dha sequence Inserted 
therein. Preferably, the plasmid further comprises a 
replicator. Such plasmids are well known to those skilled 
15 in the art, for example, plasmid pBR322, with replicator 
PMBI, or plasmid pMKie, with replicator ColEl (Ausubel 
gMCTCTt: PrntocPlP in wmecnii.^ «1 -1~ri ' John Wiley and 
Sons, New York (1988) §11:1.5.2. 

Results Of studies of the tl«e course of expression of 
20 DNA and mSMA introduced into muscle cells as described in 
Examples i and 13 indicate that lOWA expression Is more 
rapid, although shorter in duration than DNA expression. 
An immediate and long lived gene expression can be achieved 
by administering to the cell a liposomal preparation 
25 comprising both DNA and an RHA polymerase, such as the 
Phage polymerases T7, T3, and SP6. The liposome also 
Includes an Initial source of the appropriate rna 
polymerase, by either including the actual enzyme Itself 
or alternatively, an >fiNA coding for that eneyae. «hen the 
30 liposome Is Introduced Into the organism, it delivers the 
DNA and the initial source of rna polymerase to the cell 
The RNA polymerase, recognizing the promoters on the 
introduced DHA, transcribes both genes, resulting in 
translation products comprising more RNA polymerase and the 
35 desired polypeptide. Production of these materials 
continues until the introduced DNA (which is usually in the 
form of a plasmid) is degraded, in this manner, production 
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of the desired polypeptide in vivo can be achieved in a few 
hours and be extended for one nonth or aore. 

Although not limited to the treataent of genetic 

disease, the methods of the invention can accordingly be 
5 appropriately applied to treatonent strategies requiring 
delivery and ftinctional expression of missing or defective 
genes. 

The polynucleotides may be delivered to the 
interstitial space of tissues of the animal body, including 

10 those of muscle, skin, brain, lung, liver, spleen, bone 
aarrow, thymus, heart, lymph, blood, bone, cartilage, 
pancreas, kidney, gall bladder, stomach, intestine, testis, 
ovary, uterus, rectum, nervous system, eye, gland, and 
connective tissue. Interstitial space of the tissues 

15 comprises the intercellular, fluid, mucopolysaccharide 
matrix among the reticular fibers of organ tissues, elastic 
fibers in the walls of vessels or Chambers, collagen fibers 
of fibrous tissues, or that same matrix within connective 
tissue ensheathing muscle cells or in the lacunae of bone. 

20 It is similarly the space occupied by the plasma of the 
circulation and the lymph fluid of the lymphatic Channels. 
Delivery to the interstitial space of muscle tissue is 
preferred for the reasons discussed below. 
They may be conveniently delivered by injection into the 

25 tissues comprising these cells. They are preferably 
delivered to and expressed in persistent, non-dividing 
cells which are differentiated, although delivery and 
expression may be achieved in non-differentiated or less 
completely differentiated cells, such as, for example, stem 

30 cells of blood or skin fibroblasts. We have discovered 
that In vivo muscle cells are particularly competent in 
their ability to take up and express polynucleotides. This 
ability may be due to the singular tissue architecture of 
muscle, comprising multinucleated cells, sarcoplasmic 

35 reticulum, and transverse tubular system. Polynucleotides 
nay enter the muscle through the transverse tubular system, 
which contains extracellular fluid and extends deep into 
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the .usel. cll. It 1. .i„ 

recover. 

Muscle is also advantageously used as a site for the 
5 delivery and expression of polynucleotides in a number of 
therapeutic applications because animals have a 
proportionately large muscle mass which is conveniently 
accessed by direct injection through the skin; for this 
reason, a co»«,aratively large dose of polynucleotides can 
10 be deposited in »u.cle by multiple injections, and 
repetitive injections, to extend therapy over long pUiods 

Z^ ^: T ^-^-r.ea and can be carried out safely 

and without special skill or devices. 

Muscle tissue can be used as a site for injection and 
15 expression of polynucleotides in a set of general 
strategies. Which are exemplary and not exhaustive. First 
muscle disorders related to defective or absent gene 
products can be tr«ited by introducing polynucleotides 
coding for a non-secreted gene product into the diseased 
20 muscle tissue. m a second strategy, disorders of other 

Chir ''fr"? ^ 

Zll 1^ * Circulating toxic 

Betabolite can be treated by introducing the specific 
therapeutic polypeptide into muscle tissue where the non- 

25 secreted gene product is expressed and clears the 
circulating metabolite. i„ a third strategy a 
polynucleotide coding for an secretable therapeutic 
polypeptide can be injected into muscle tissue from where 
the polypeptide is released into the circulation to seek a 

30 metabolic target. This use is demonstrated in the 
expression of growth hormone gene injected into muscle. 
Example 18. Certain segments, are known to serve as 
"signals" to direct secretion (Wickner, W.T. and H.F 
lodlsh, ssisnss 230:400-407 (IMS), and these may be 
35 advantageously employed. Finally, in immunization 
strategies, muscle cells may be injected with 
polynucleotides coding for immunogenic peptides, and these 
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peptides will be presented by muecle cells in the context 
of antigens of the >iajor histocompatibility complex to 
provoke a selected immune response against the immunogen. 

Tissues other than those of muscle, and having a less 
5 efficient uptake and expression of injected 
polynucleotides, may nonetheless be advantageously used as 
injection sites to produce therapeutic polypeptides or 
polynucleotides under certain conditions. one such 
condition is the use of a polynucleotide to provide a 

10 polypeptide which to be effective must be present in 
association with cells of a specific type; for example, the 
cell surface receptors of liver cells associated with 
cholesterol homeostasis. (Brown and Goldstein, Ssience 
232:34-47 (1986)). In this application, and in many 

15 others, such as those in which an enzyme or hormone is the 
gene product, it is not necessary to achieve high levels of 
expression in order to effect a valuable therapeutic 
result. 

one application of TGT is in the treatment of muscular 
20 dystrophy. The genetic basis of the muscular dystrophies 
is just beginning to be unraveled. The gene related to 
Duchenne/Becker muscular dystrophy has recently been cloned 
and encodes a rather large protein, termed dystrophin. 
Retroviral vectors are unlikely to be useful, because they 
could not accommodate the rather large size of the cDNA 
(about I3kb) for dystrophin. very recently reported work 
is centered on transplanting myoblasts, but the utility of 
this approach remains to be determined. Clearly, an 
attractive approach would be to directly express the 
30 dystrophin gene within the muscle of patients with 
Duchennes. since most patients die from respiratory 
failure, the muscles involved with respiration would be a 
primary target. 

Another application is in the treatment of cystic 
35 fibrosis. The gene for cystic fibrosis was recently 
identified (Goodfellow, P. HaSJHEfi, 341(6238) :i02-3 (Sept. 
14, 1989); Rommens, J. et al. SSisaaS&, 245(4922) :1059-1065 
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(Septa«,« 8, 1989), B««.l«r, T..t .i., esia,,^ 

Zt^T", """^ *^ "*""i"> « 

dysfunctloMl protein vlthin th. appropriate 1^ cell, 

5 The bronohl.1 eplthell.1 cells .re poetuleted 

approprlet. t«,.t lu„, on, ^ ^ ^ ' 

to ,«.. ,ou«,i„, WUlatlon o, i„to th. 

lung. Sinoe oyrtlo flbro,!, 1. an ,„tos^j, 
dleorder «» w„w n«id to only about 5% ct no^i 

10 level, o, the cyatlc ,1,^1, ^ 
.lgnlflc«,tly B-llorate the p»l«nary „»ptoM. 

Bioohemioal genetio defect, of inter«dl.ry «rtaboll«, 
can al,o be treated by TOP. ihe.e di.^ I^luC 
Phenyiacetonuria, ^aotoseala, »pie-,^ 

^eJTT ^ P.tho,«,.,ir:; 

^rj;il"°7 " r" Phenyl,»t.„„ia 
(FTO) Mdel of a circnlatln, toxic «tabolite. That i. 

" * "•"'-i"!. toxic to 

tl^ei "-l*- di«rd.r. are 

olT« ^^"•'^ tor a ™«ber Of ,e.«n.. pirrt, 

be attal^id In order to ,i,„ificantly clear enough of th! 
circulating toxic metabolite ,o that the t^«t T 
« ^««»Uy imp^ed. second, the tranef^'^lnou^^ 
■o^ »ft«. be «q;««ed i„ a variety of tUeuea and .tUl 
be able to clear the toxic biochemical. 

Reversible ««» therapy can aleo bo umkJ in treetemi- 
30 ^Tr'" i"tr.cytopla-ic or 

30 protein expre,.ion. sc^ protein, .r. ^ ^^^^^ 
c.l»ble Of regulating tran«n^.„ ^ \ 

promoter r^ion. on ™,cl.ar ™». Other pro^ .LTl 
regulating it. degradation, tr«„port fro. tta 
nucl«» or tran.latlo„ efficiency. Protein, of thi. cla» 
-Uvered intr.cellularly for actlvUy 
mracellular delivery of recombinant tranecriptionai cr 
tran.lational regulatory protein, would not be Z 
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have biological activity, but functional delivery of the 
DNA or Km by T6T would be active. Representative proteins 
of this type that would benefit from T6T would include NEP, 
TAT, steroid receptor and the retinoid receptor. 
5 Gene therapy can be used in a strategy to increase the 

resistance of an AIDS patient to HIV infection. 
Introducing an AIDS resistance gene, such as, for exaaple, 
the HEP gene or the soluble CD4 gene to prevent budding,' 
into an AIDS patient's T cells will render his T cells less 
10 capable of producing active AIDS virus, thus sparing the 
cells of the ismune system and improving his ability to 
mount a T cell dependent immune response. Thus, in 
accordance with the invention, a population of the AIDS 
patient's own T cells is isolated from the patient's blood. 
15 These cells are then transfected in vitro and tb^ 
reintroduced back into the patient's blood. The virus- 
resistant cells will have a selective advantage over the 
normal cells, and eventually repopulate the patient's 
lymphatic system. DNA systemic delivery to macrophages or 
20 other target cells can be used in addition to the 
extracorporeal treatment strategy. Although this strategy 
would not be expected to eradicate virus in the macrophage 
reservoir, it will increase the level of T cells and improve 
the patient's immune response. 

In all of the systemic strategies presented herein, an 
effective DNA or mRNA dosage will generally be in the range 
of from about 0.05 pg/kg to about 50 mg/kg, usually about 
0.005-5 mg/kg. However, as will be appreciated, this 
dosage will vary in a manner apparent to those of skUl in 
the art according to the activity of the peptide coded for 
by the DNA or mRNA and the particular peptide used. For 
delivery of adenosine deaminase to mice or humans, for 
example, adequate levels of translation are achieved with a 
DNA or mRNA dosage of about 0.5 to 5 mg/kg. See Example 
10. Prom this information, dosages for other peptides of 
known activity can be readily determined. 

Diseases ^idh result from deficiencies of critical 
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proteins may be appropriately treated by introducing into 
specialized cells, im or viBSK coding for these proteins 
A variety of growth factors sue* as nerve growth factor «»d 
fibroblast growth factor have been shown to affect neuronal 
5 cell survival in animal aodels of Alzheimer's disease m 
tte aged rat model, NGP Infusions have reversed the loLs of 
Cholinergic neurons, m the fimbria-fomix lesion rat, ngp 
iLroli!\" r "''"^'^'^ genetically-modified 

10 fi^^^i; J"rr r Cholinergic 

Cholinergic activity i. diminished in patients 
with Alzheimer's. The expression within the brain of 
transduced genes expressing growth factors could reverse 
the lost of function of specific neuronal groups. 

introduction of DNA or mRHA by transfection of the 
15 gene for neuronal growth factor into cells lining the 
cranial cavity can be used in accordance with the present 
invention in the treatment of Alzheimer's disease in 
particular, the present invention treats this disease by 
intracranial Injection of from about lo ,g to about lOO /g 
20 Of D«A or mRNA into the parenchyma through use of ! 
stereotaxic apparatus. Specifically, the injection is 
targeted to the cholinergic neurons in the medial septum. 
The DNA or mRNA injection is repeated every 1-3 days for 5' 
capped, 3' polyadenylated mRNA, and every week to 21 days 
25 for circular mRNA, and every 30 to 60 days for DNA 
injection of DNA in accordance with the present invention 
Is also contemplated. dna would be injected in 
corresponding amounts; however, frequency of injection 
would be greatly reduced. Episomal DNA, for exaii^le, could 
be active for a number of months, and relnjection would 
only be necessary upon notable regression by the patient 

m addition, the enzymes responsible for 
neurotransmitter synthesis could be expressed from 
transduced genes. For example, the gene for choline acetyl 
35 transferase could be expressed within the brain cells 
(neurons or glial) of specific areas to increase 
acetylcholine levels and improve brain function. 
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The critical enzymes involved in the synthesis of 
other neurotransmitters such as dopamine, norepinephrine, 
and GABA have been cloned and available- The critical 
enzymes could be locally increased by gene transfer into a 
5 localized area of the brain. The increased productions of 
these and other neurotransmitters would have broad 
relevance to manipulation of localized neurotransmitter 
function and thus to a broad range of brain disease in 
which disturbed neurotransmitter function plays a crucial 
10 role. Specifically, these diseases could include 
schizophrenia and manic-depressive illnesses and 
Parkinson's Disease, it is well established that patients 
with Parkinson's suffer from progressively disabled motor 
control due to the lack of dopamine synthesis within the 
15 basal ganglia. The rate limiting step for dopamine 
synthesis is the conversion of tyrosine to L-DOPA by the 
enzyme, tyrosine hydroxylase. L-DOPA is then converted to 
dopamine by the ubiquitous enzyme, OOPA decarboxylase. 
That is why the well-established therapy with L-OOPA is 
effective (at least for the first few years of treatment) . 
Gene therapy could accomplish the similar pharmacologic 
objective by expressing the genes for tyrosine hydroxylase 
and possible DOPA decarboxylase as well. Tyrosine is 
readily available within the CNS. 

The genetic form of alpha-l-antitrypsin deficiency 
can result in both liver and lung disease. The liver 
disease, which is less common, is caused by the 
accumulation of an abnormal protein and would be less 
amenable to gene therapy. The pulmonary complications, 
however, would be amenable to the increased expression of 
alpha-1-antitrypsin within the lung. This should prevent 
the disabling and eventually lethal emphysema from 
developing. 

Alpha-l-antitrypsin deficiency also occurs in tobacco 
smokers since tobacco smoke decreases alpha-l-antitrypsin 
activity and thus serine protease activity that leads to 
emphysema. In addition, some recent data links tobacco 
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smoke's anti-trypsin effect to aneurysms of the aorta 
Aneurysms would also be preventable by raising blood levels 
Of anti-i-antitrypsin since this would decrease protease 
activity that leads to aneurysms. 

Patients with degenerative disease of the lung could 
also b«iefit from the expression of enzymes capable of 
removing other toxic metabolites which tend to accumulate 
in diseased lung tissue. Superoxide dismutase and catalase 
could be delivered by T6T to ameliorate these problems. 

T6T can be used in treatment strategies requiring the 
delivery of cell surface receptors. it could be argued 
that there is no need to decipher methodology for 
functional m vivo delivery of genes. There is, after all 
an established technology for the synthesis and large scale 
15 production of proteins, and proteins are the end product of 
gene expression. This logic applies for many protein 
-olecules which act extracellularly or interact with cell 
'«««Ptors, such as tissue plasminogen activator 
(TPA), growth hormone i insulin, interferon, granulocyte- 
20 macrophage colony stimulating factor (6KCSP) 
erythropoietin (EPO), etc. However, the drug deliver^ 
problems associated with properly delivering a recombinant 
cell surface receptor to be inserted in the plasma membrane 
Of its target cell in the proper orientation for a 
25 functional receptor have hithertofore appeared intractable. 

When DHA or RNA coding for a cell surface receptor is 
delivered intracellularly in accordance with the present 
invention, the resulting protein can be efficiently and 
functionally e3q>ressed on the target cell surface, if the 
30 problem of functional delivery of recombinant cell surface 
receptors remains intractable, then the only way of 
approaching this therapeutic modality will be through gene 
delivery. similar logic for nuclear or cytoplasmic 
regulation of gene expression applies to nuclear regulatory 
35 factor bound to dna to regulate (up or down) fna 
transcription and to cytoplasmic regulatory factors which 
bind to RHA to increase or decrease translational 



wo 90/11092 PCr/US90/0151S 

-31- 

effidency and degradation. T6T could in this way provide 
therapeutic strategies for the treatment of cystic 
fibrosis, muscular dystrophy and hypercholesterolemia. 

Elevated levels of cholesterol in the blood may be 
5 reduced in accordance with the present invention by 
supplying mRNA coding for the LDL surface receptor to 
hepatocytes. A slight elevation in the production of this 
receptor in the liver of patients with elevated LDL will 
have significant therapeutic benefits. Therapies based on 

10 systemic administration of recombinant proteins are not 
able to compete with the present invention, because simply 
administering the recombinant protein could not get the 
receptor into the plasma menbrane of the target cells. The 
receptor must be properly inserted into the membrane in 

15 order to exert its biological effect. it is not usually 
necessary to regulate the level of receptor expression; the 
more expression the better. This simplifies the molecular 
biology involved in preparation of the mKNA for use in the 
present invention. For example, llpid/DNA or KHA complexes 

20 containing the LDL receptor gene may be prepared and 
supplied to the patient by repetitive I. v. injections. The 
lipid complexes will be taken up largely by the liver. 
Some of the complexes will be taken up by hepatocytes. The 
level of U)L receptor in the liver wUl increase gradually 

25 as the number of injections increases. Higher liver LDL 
receptor levels wUl lead to therapeutic lowering of LDL 
and cholesterol. An effective mRNA dose will generally be 
from about 0.1 to about 5 mg/kg. 

Other examples of beneficial applications of TGT 

30 Include the introduction of the thymidine kinase gene into 
macrophages of patients infected with the HIV virus. 
Introduction of the thymidine kinase gene into the 
macrophage reservoir will render those cells more capable 
of phosphorylating A2T. This tends to overcome their 

35 resistance to AZT therapy, making azt capable of 
eradicating the HIV reservoir in macrophages. Llpid/DNA 
complexes containing the thymidine kinase gene can be 
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Btrategy could be used as a treatment for pancreatic 
cancer. The patients would have no insurmountable 
difficulty surviving without a pancreas. The tissue 
specific enhancer would ensure that expression of 
5 diphtheria toxin would only occur in pancreatic cells. 
DNA/lipid complexes containing the diphtheria toxin gene 
under the control of a tissue specific enhancer would be 
introduced directly into a cannulated artery feeding the 
pancreas. The infusion would occur on some dosing schedule 
10 for as long as necessary to eradicate the pancreatic 
tissue. Other lethal genes besides diphtheria toxin could 
be used with similar effect, such as genes for ricin or 
cobra venom factor or enterotoxin. 

Also, one could treat cancer by using a cell-cycle 
specific promoter that would only kill cells that are 
rapidly cycling (dividing) such as cancer cells. cell- 
cycle specific killing could also be accomplished by 
designing mRKA encoding killer proteins that are stable 
only in cycling cells (i.e. histone that is ohly 

stable during S phase) . Also, one could use developmental- 
specific promoters such as the use of alpha-fetpprotein 
that is only expressed in fetal liver cells and in 
hepatoblastoma cells that have dedifferentiated into a more 
fetal state. 

25 one could also treat specialized cancers by the 

transfer of genes sueih as the retinoblastoma gene (and 
others of that family) that suppress the cancer properties 
of certain cancers. 

The TGT strategy can be used to provide a controlled, 

30 sustained delivery of peptides. Conventional drugs, as 
well as recombinant protein drugs, can benefit from 
controlled release devices. The purpose of the controlled 
release device is to deliver drugs over a longer tine 
period, so that the number of doses required is reduced. 

35 This results in Improvements in patient convenience and 
compliance. There are a wide variety of emerging 
technologies that are intended to achieve controlled 
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release. 
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a polynucleotide that has a therapeutic effect without 
being translated into a polypeptide. Por example, tgt can 
be used in the delivery of anti-sense polynucleotides for 
turning off the expression of specific genes. Conventional 
5 anti-sense methodology suffers from poor efficacy, in part, 
because the oligonucleotide sequences delivered are too 
short. With TGT, however, full length anti-sense sequences 
can be delivered as easily as short oligomers. Anti-sense 
polynucleotides can be DNA or RHA molecules that themselves 
10 hybridize to ( and, thereby, prevent transcription or 
translation of) an endogenous nucleotide sequence. 
Alternatively, an anti-sense DNA may encode an RNA the 
hybridizes to an endogenous sequence, interfering with 
translation. other uses of TGT in this vein include 
delivering a polynucleotide that encodes a tRNA or rRNA to 
replace a defective or deficient endogenous tRKA or rUNA, 
the presence of which causes the pathological condition. 

Cell-specific promoters can also be used to permit 
expression of the gene only in the target cell. por 
20 example, certain genes are highly promoted in adults only 
in particular types of tumors, similarly, tissue-specific 
promoters for specialized tissue, e.g., lens tissue of the 
eye, have also been identified and used in heterologous 
es^ression systems. 
25 Beyond the therapies described, the method of the 

invention can be used to deliver polynucleotides to animal 
stock to increase production of milk in dairy cattle or 
muscle mass in animals that are raised for meat. 
DNA and hiPMA YilT'irlnirf 
30 According to the methods of the invention, both 

expressible DNA and nKMA can be delivered to cells to form 
therein a polypeptide translation product. If the nucleic 
acids contain the proper control sequences, they will 
direct the synthesis of relatively large amounts of the 
35 encoded protein. Ilhen the dna and mRNA delivered to the 
cells codes for an immunizing peptide, the methods can be 
applied to acShieve improved and more effective immunity 
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agalnst infectious agents, including intracellular viruses 
and also against tumor cells. ' 

Since the iaaune systems of all vertebrates operate 
similarly, the applications deBcrlbed can be implemented in 
5 all vertebrate systems, comprising mammalian and avian 
species, as well as fish. 

The methods of the invention may be applied by direct 
injection of the polynucleotide into cells of the animal i„ 
,„ ""^W !! ^ transfection of some of the animal 

10 cells Which are then re-introduced into the animal body 

Ihe polynucleotides may be delivered to various cells of 
the animal body, including muscle, skin, brain, lung, 
liver, spleen, or to the. cells of the blood. Delivery of 
the polynucleotides directly i„ vivo is preferably to the 
15 cells Of muscle or skin. The polynucleotides may be 
^jected into muscle or skin using an injection syringe. 
They may also be delivered into muscle or skin using a 
vaccine gun. ^ 

It has recently been shown that cationic lipids can be 
20 used to facilitate the transfection of cells in certain 
applications, particularly in vi.ro transfection. 
catxonic lipid based transfection technology is preferred 
over other methods; it is more efficient and convenient 
25 ^--tran or electroporation 

25 methods, and retrovirus mediated transfection, as discussed 
previously, can lead to integration events in the host 
cell genome that result in oncogene activation or other 
undesxrable consequences. The knowledge that cationic 
lipid technology works with messenger rna is a further 
10 advantage to this approach because rma is turned over 
rapidly by intracellular nucleases and is not integrated 
into the host genome, a transfection system that results 
in high levels of reversible expression is preferred to 
alternative methodology requiring selection and expansion 
5 Of stably transformed clones because many of the desired 
primary target cells do not rapidly divide in culture 

The ability to transfect cells at high efficiency with 



wo 90/11092 PCr/l}S90/01515 

-37- 

catlonic liposomes provides an alternative aethod for 
imnunization. aaie gene for an antigen is introduced in to 
cells which have been removed from an animal. The 
transfected cells, now expressing the antigen, are 
5 reinjected into the animal where the immune system can 
respond to the (now) endogenous antigen. Olhe process can 
possibly be enhanced by coinjection of either an adjuvant 
or lymphokines to further stimulate the lymphoid cells. 

Vaccination with nucleic acids containing a gene for 
10 an antigen may also provide a way to specifically target 
the cellular immune response. Cells expressing proteins 
which are secreted will enter the normal antigen processing 
pathways and produce both a humoral and cytotoxic response. 
The response to proteins which are not secreted is more 
15 selective. Non-secreted proteins synthesized in cells 
expressing only class I mhc molecules are expected to 
produce only a cytotoxic vaccination. Expression of the 
same antigen in cells bearing both class I and class II 
molecules may produce a more vigorous response by 
20 stimulating both cytotoxic and helper T cells. Enhancement 
of the immune response may also be possible by injecting 
the gene for the antigen along with a peptide fragment of 
the antigen. The antigen is presented via class i mhc 
molecules to the cellular immune system while the peptide 
is presented via class II MHC molecules to stimulate helper 
T cells. In any case, this method provides a way to 
stimulate and modulate the immune response in a way which 
has not previously been possible. 

A major disadvantage of subunit vaccines is that 
glycoprotein antigens are seldom modified correctly in the 
recombinant expression systems used to make the antigens. 
Introducing the gene for a glycoprotein antigen will insure 
that the protein product is synthesized, modified and 
processed in the same species and cells that the pathogen 
35 protein would be. Thus, the expression of a gene for a 
human viral glycoprotein will contain the correct 
complement of sugar residues. This is important because it 
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reguired or to enhanced viral infection. There are two 
strategies that can be applied here. One can specifically 
target the cellular pathway during iauminization thus 
eliminating the enhancing antibodies. Alternatively erne 
S can vaccinate with the gene for a truncated antigen which 
eliminate the humoral epitomes which enhance infectivity. 

The use of DNA or mRNA vaccine therapy could similarly 
provide a means to provoke an effective cytotoxic T-cell 
response to weakly antigenic tumors. We propose, for 
10 exainple, that if a tumor-specific antigen were expressed by 
mRNA inside a cell in an already processed form, and 
incorporated directly into the Class I molecules on the 
cell surface, a cytotoxic T cell response would be 
elicited. 

15 A second application is that this approach provides a 

method to treat latent viral infections. Several viruses 
(for example. Hepatitis B, HIV and members of the Herpes 
virus group) can establish latent infections in i^ieh the 
virus is maintained intracellularly in an inactive or 

20 partially active form. There are few ways of treating such 
an infections. However, by inducing a cytolytic immunity 
against a latent viral protein, the latently infected cells 
will be targeted and eliminated. 

A related application of this approach is to the 

25 treatment of chronic pathogen infections. There are 
numerous examples of pathogens which replicate slowly and 
spread directly from cell to cell. These infections are 
chronic, in some cases lasting years or decades. Examples 
of these are the slow viruses (e.g. Visna), the Scrapie 

30 agent and HIV. One can eliminate the infected cells by 
inducing an cellular response to proteins of the pathogen. 

Finally, this approach may also be applicable to the 
treatment of malignant disease. Vaccination to mount a 
cellular immune response to a protein specific to the 

35 malignant state, be It an activated oncogene, a fetal 
antigen or an activation marker, will result in the 
elimination of these cells. 
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invention permits the patient to be immunized repeatedly 
without the fear of allergic reactions. The use of the 
DHVfflRNA vaccines of the present invention makes such 
immunization possible. 
5 One can easily conceive of ways in which this 

technology can be modified to enhance still further the 
immunogenicity of antigens. T cell iimiunization can be 
augmented by increasing the density of Class I and Class II 
histocompatibility antigens on the macrophage or other cell 

10 surface and/or by inducing the transfected cell to release 
cytokines that promote lymphocyte proliferation. To this 
end, one may incorporate in the same liposomes that contain 
aRNA for the antigen, other mSNA species that encode 
interferons or interleukin-1. These cytokines are known to 

15 enhance macrophage activation. Their systemic use has been 
hampered because of side effects. However, when 
encapsulated in mfiNA, along with mRNA for antigen, they 
should be es^ressed only by those cells that co-express 
antigen. In this situation, the induction of T cell 

20 immunity can be enhanced greatly. 
Therapeutic Formulate ons 

Polynucleotide salts: Administration of pharmaceutically 
acceptable salts of the polynucleotides described herein is 
included within the scope of the invention. Such salts may 

25 be prepared from pharmaceutically acceptable non-toxic 
bases including organic bases and inorganic bases. salts 
derived from inorganic bases include sodium, potassium, 
lithium, ammonium, calcium, magnesium, and the like. Salts 
derived from pharmaceutically acceptable organic non-toxic 

30 bases include salts of primary, secondary, and tertiary 
amines, basic amino acids, and the like. For a helpful 
discussion of pharmaceutical salts, see s. M. Berge et al.. 
Journal of Pharmaceutical Sciences 66:1-19 (1977) the 
disclosure of which is hereby incorporated by reference. 

35 Polynucleotides for injection, a preferred route of 

delivery, may be prepared in unit dosage form in ampules, 
or in multidose containers. The polynucleotides may be 
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the Federal goveiminent. Responsibility for enforcement is 
the responsibility of the Pood and Drug Administration, 
which issues appropriate regulations for securing such 
approval, detailed in 21 U.S.C. 301-392. Regulation for 
5 biologic material, comprising products made from the 
tissues of animals is provided under 42 U.S.C 262. Similar 
approval is required by most foreign countries. 
Regulations vary from country to country, but the indivdual 
procedures are well known to those in the art. 

10 Dosage and Route of Administration 

The dosage to be administered depends to a large 
extent on the condition and size of the subject being 
treated as well as the frequency of treatment and the route 
of administration. Regimens for continuing therapy, 

15 including dose and frequenesy may be guided by the initial 
response and clinical judgment. The parenteral route of 
injection into the interstitial space of tissues is 
preferred, although other parenteral routes, such as 
inhalation of an aerosol formulation, may be required in 

20 specific administration, as for example to the mucous 
membranes of the nose, throat, bronchial tisues or lungs. 

In preferred protocols, a formulation comprising the 
naked polynucleotide in an aqueous carrier is injected into 
tissue in amounts of from 10 ^1 per site to about i ml per 

25 site. The concentration of polynucleotide in the 
formulation is from about O.l ng/vH to about 20 mg/ml. 
Regulation of vqf 

Just as ONA based gene transfer protocols require 
appropriate signals for transcribing (promoters, enhancers) 

30 and processing (splicing signals, polyadenylation signals) 
the mRNA transcript, mRNA based T6T requires the appropriate 
structural and sequence elements for efficient and correct 
translation, together with those elements ^ich will enhance 
the stability of the transf acted mRNA. 

35 In general, translational efficiency has been found to 

be regulated by specific sequence elements in the 5' non- 
coding or untranslated region (5'UTR) of the RMA. Positive 
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..qu«.ce .otlts includ. th. tr«»l.tio«a initiation 

COn.«,s«s ..quMce (OCC)AcCUBB (KOzrt, noSMo icid. 

««..15:8125 («87„ th. 8= 7 «tl.yl <^ ^ 
(■>ru>«.na la., Bodrtc icids R«,. 13,7,75 ,19,.^ 

5 H^rtiv. ela«nts include .table intr«olecal,r 5. 0™ 
•tei^ .truct^.. ,H»e.ing et .1., cu 4a,»i,„„„ 
•M AOS ..,„,»«. or short open r«idi„, f™«s pr.c.d«j by 
an .Wrcpriat. »s in th. 5' TO (Kozi*, siBaa, «.o et .1., 
»,d cm. Blol. .i284,m.„. i„ certai; 
10 se^ «,tif. «ch th. b«» globin 5. TOR «y .ct t^ 
^l*"" piacM «M«»„t to . hrterologou. 

5 TO) by an ^known ^auml... Th«. „. 
Of sp«,ifio 5' TO s«,^ 
tra.sl.tion.1 .„ioi«cy i„ „.p„„. ^ 

!tT" ^ """" '•""^» <H«*.i 

•t •1.. e«c. Batl. tald. sci. OSA .4,6730 ,1987)) and the 

-«»Ophil. te'o 5' TO (Kl«.an. .t al.. boo 

«=20« («8S„. Finally, there are viral to ..^ 

20 ZTtT *° <»I> -^a"t tranam^ 

20 and tranalational oontrol. and Mdiat. ann «fici«t 
translation of viral or chi»rio ,Dolph « .1., of 

Virol «,3„59 (198.)), Peiietier and So»,enb.r,, ,at«^ 
334 320 (198.)). HRH* based TGT protocol, -urttheref^ 

2S ^ ^^■"^''■'^ ^'"^I'tional ele,^t. flanXln, 

2S th. coding sequwK. for the protein of int«a«st. 

in addition to trwMlational conc«ms, iooia stabUity 
™.t b. oon.id««> *,ri„, the d.velop.»nt of ffiaa ba.ed TCT 
prot«,ol.. a ,^.1 rt.t«»nt, capping .^l 3. 

30 *^ <^t.r^ts Of 

"*™~»*' 

Biol. Had. 5,1,19.8)) and function to prot«* th. 5- and 3' 
«.d. Of the fro. degradation. r.,ulat.ry 

.l«ents »hich .ffect the atability of «ftaryotic 

35 a«.t b. con.id«.a m 

25 th. d^elopnent of tot protocol.. ih. »ort mrtahl. 

«.« cl««ly d.fi„«J of th... ar. th. ,aidi„. rltk 3' 
«>transl.t«l r.glon ,3' TO) de«abiliz« s.,u.„o«i 
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in nany short half -life atRNAs (Shaw and Kamen Cell 46:659 
(1986)), although there is evidence that these are not the 
only sequence motifs which result in iiiRKA dcstabilization 
(Kabnick and Housman, Hoi. and Cell. Biol. 8:3244 (1988)). 
5 In addition, specific regulatory sequences %rtiieh modulate 
cellular oSNA half life In response to environmental 
stimuli have also been demonstrated. These include the 
estrogen mediated modulation of Vitellogenin mRMA stability 
(Brock and Shapiro, cell 34:207 (1983)), the iron dependant 
10 regulation of transferrin receptor mRNA stability (Mullner 
and K»ihn, Cell 53:815 (1988)) which is due to a specific 3' 
UTR motif, the prolactin mediated control of Casein mKKA 
stability (Guyette et al., cell 17:1013 (1989)), the 
regulation of Pibronectin mRHA stability in response to a 
15 number of stimuli (Dean et al., j. cell. Biol. 106:2159 
(1988)), and the control of Histone mRNA stability (Graves 
et al.. Cell 48:615 (1987)). Finally, just as viral RNA 
sequences have evolved which bypass normal eukaryotic mSNA 
translational controls, likewise some viral RNA sequences 
seem to be able to confer stability in the absence of 3' 
polyadenylation (McGrae and Woodland, Eur. j. of Biocshem. 
116: 467 (1981)). Some 5', such as EMC, according to 
Example 21, are known to function without a cap. This 
cacophony of stability modulating elements must also be 
carefully considered in developing mRNA based I6T protocols, 
and can be used to modulate the effect of an mRNA treatment! 
Liposome-foirmina inater<;^]p 

The science of forming liposomes is now well 
developed. Liposomes are unilamellar or multilamellar 
vesicles, having a membrane portion formed of lipojfliilic 
material and an interior aqueous portion. The aqueous 
portion is used in the present invention to contain the 
polynucleotide material to be delivered to the target cell. 

It is preferred that the liposome forming materials 
used herein have a cationic group, such as a quaternary 
ammonium group, and one or more lipophilic groups, such as 
saturated or unsaturated alkyl groups having from about 6 
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to about 30 carbon atoms, one group of suitable aaterials 
IS described in European Patent Publication No. 0187702. 
These materials have the formula: 

r3 

Rl0CH2-CH-(CH2)n-N+-R* X" 
0R2 r5 

Wherein r1 and r2 are the same or different and are alkyl 
or alkenyl of 6 to 22 carbon atoms, r3, r4, r5 are the 
same or different and are hydrogen, alkyl of i to 8 
carbons, aryl, aralkyl of 7 to 11 carbons, or when two or 
three of r3, r4, ^ ^5 taken together they form 

quinuclidino, piperidino, pyrrolidine, or morpholino; a is 
1 to 8, and X is a pharmaceutical ly acceptable anion, such 
as a halogen. These compounds may be prepared as detailed 
in the above-identified patent application; alternatively 
at least one of these compounds, N-{2, 3-di-(9-(z)l 
octadecenylojcy) ) -prpp-l.yl-N,N,H-trimethylammonium chloride 
(DOTMA), is commercially available from Bethesda Research 
Laboratories (BRL), Oaithersburg, Maryland 20877, usA. 

These quaternary ammonium diether compounds, however 
do have some drawbacks. Because of the ether linkages' 
they are not readily metabolized i„ vivo. When long-term 
therapy is contemplated, there is some possibility that 
these materials could accumulate in tissue, ultimately 
resulting in lipid storage disease and toxic side effects 
Accordingly, a preferred class of compositions for use in 
the present invention has the fozmiaa: 

r3 

RlC00CH2-CH-(CH2)n-N+-R4 X" 
30 C00R2 is 

Wherein r1 and r2 are the same or different and are alkyl 
or alkenyl of 5 to 21 carbon atoms, r3, r4, ^ ^5 ^re the 
same or different and are hydrogen, all^l of 1 to 8 
carbons, aryl, aralkyl of 7 to 11 carbons, or when two or 
three of r3, r4, ^nd r5 are taken together they form 
quinuclidino, piperidino, pyrrolidine, or morpholino; n is 
1 to 8, and X is a pharmaceutically acceptable anion, such 
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as a halogen. These compounds nay be prepared using 
conventional techniques, such as nucleophilic substitution 
involving a carboxylic acid and an alkyl halide, by 
transesterification, or by condensation of an alcohol with 
5 an acid or an acid halide. 

Moreover, many suitable liposoae-forming cationic 
lipid compounds are described in the literature. See, 
e.g., L. Stamatatos, et al,, Biocheadstxy 27:3917-3925 
(1988); H. Eibl, et al.. Biophysical Cheaistry 10:261-271 
10 (1979) . 

Llposone Preparation 

Suitable liposomes for use in the present invention 
are commercially available. DOTMA liposomes, for exajipie, 
are available under the trademark Upofectin from Bethesda 
15 Research Labs, Gaithersburg, Maryland. 

Alternatively, liposomes can be prepared from readily- 
available or freshly synthesized starting materials of the 
type previously described. The preparation of DOTAP 
liposomes is detailed in Example 6. Preparation of DOTMA 
liposomes is explained in the literature, see, e.g., p. 
Feigner, et al., Proc. Mat'l Acad. Sci. USA 84:7413-7417. 
Similar methods can be used to prepare liposomes from other 
cationic lipid materials. Moreover, conventional liposome 
forming materials can be used to prepare liposomes having 
25 negative Charge or neutral charge. Such materials include 
phosphatidyl choline, cholesterol, phosphatidyl- 
ethanolamine, and the like. These materials can also 
advantageously be mixed with the DOTAP or DOTMA starting 
materials in ratios from 0% to about 75%. 
30 Conventional methods can be used to prepare other, 

noncationic liposomes. These liposomes do not fuse with 
cell walls as readily as cationic liposomes. However, they 
are taken up by macrophages m vivo, and are thus 
particularly effective for delivery of polynucleotide to 
35 these cells. Por example, commercially dioleoyl- 
phosphatidyl choline (DOPC) , dioleoylphosphatidyl glycerol 
(D0P6), and dioleoylphosphatidyl ethanolamine (DOPE) can be 
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»"d in v.rlou. coiU>in.tlon. to ^ eonv.ntlon.1 
Uposo«s, with or Without th. «Mltion of cholost^ 
Thus, ^ 

2 hour, in . owd vial, using . Heat system ,.odel 350 

10 at th. »^ „tti„, ^ ^ ^^^j P e 

15 C. Utamativrty, nagativaly char,., ^ ^ 

preparad without sonloatlon to produc -ulwi^i^: 
vesxcles or by «*ruslon thr«.gh nuoX«por. 
proauc unilamellar vasioles of alsorrte si^T^K 

15 -the. are ^ an. avalxahl. to tho.. of t^i ^ 

Th. pr«»nt invantion Is descrlbad below In datail 
-sing th. 23 «a.»i„ ,iv„ t^T 
--crib*, ar. broadly .ppii„bl. as descTl^ ^^L."^ 
«. not int«,d«, to b. ll.at«J by th. B«.*i„. ^ 

EOMPLE I: PREPMiATIOH OP LIPOSOm-POBHIBS DOIU> 

The cationlc llposoBe-for»ing .at.rial 1 5 

bls(.leoylory)-3-(trlsethyla».o„lo)propan. (dotAP) is 
P«P«.d as reported by L. st.«tato., et .1. 

Bibl, .t al. (supra). ^ ' " 

Briefly, sta«t.tos, et al. report that 1 ™»,i „f j. 

« 20 c with 3 mm>l of oleyl chloride (freshly Breoar^s 
fro. oleio add ^ o«.loyl chloride, i« ky. .\co^"!^r:! 
diethyl ether (20 1^, containing 5 ^1 o7 dry 
The precipitate of pyridiniu. hydr«*lorid. iL «i^ 
off, and the filtrate was concentrated und«: nitr^iL^ 
redissolved 1„ 10 ^ of hexane. h^cl 

, tl«s with an e^ vol«„ ..thj^l^ I H 

Muaou. HO00«a, pH 3.0, 3 ti«. with 1.1 ^th^^^o 1 I 
«^ H.OH, «. dl ti« With » agueou. N.C1. xhi "1.! 
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3-bro]no-l,2-bis-(oleolyloxy) propane was then stirred for 72 
hours in a sealed tube with a solution of 15% 
trimethylamine in dry dimethyl sulfoxide (30 al) at 25'C. 
The products of this reaction were dissolved in chlorofoni 
5 (200 nl), which was repeatedly washed with l:i nethanol/ioo 
DM aqueous HCOONa, pH 3.0, and then evaporated in vacuo to 
yield a light yellow oil. This material was purified on a 
column of silicic acid (Bio-Sil A, Bio-Rad Laboratories), 
eluting with a 0-15% gradient of methanol in chloroform t^ 
give the desired product in pure form at 9-10% methanol. 
The purified product was a colorless, viscous oil that 
migrates with an of 0.4 on thin layer chromatography 
plates (silica gel C) that were developed with 50:15:5:5:2 
CHCl3/acetone/CH30H/CH3C00q/H20. 
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EXAMPLE 2: PREPARATION OF PLASMIDS FOR MAKING DNA 
TEMPLATES FOR ANY GENE OP INTEREST 

Suitable template DNA for production of orna coding 
for a desired polypeptide may be prepared in accordance 
with standard recombinant DNA methodology. As has been 
previously reported (P. Kreig, et al.. Nucleic Acids Res. 
12:7057-7070 (1984)), a 5' cap facilitates translation of 
the mRNA. Moreover, the 3' flanking regions and the poly a 
tail are believed to increase the half life of the mRNA m 
vivo. 

The readily-available SP6 cloning vector psP64T 
provides 5' and 3' flanking regions from /»-globin, an 

30 efficiently translated mRNA. The construction of this 
plasmid is detailed by Kreig, et al. (supra), and is hereby 
incorporated by this reference. Any cl^A containing an 
initiation codon can be introduced into this plasnid, and 
mRNA can be prepared from the resulting template DNA. This 

35 particular plasmid can be cut with Bglii to insert any 
desired cDNA coding for a polypeptide of interest. 

Although good results can be obtained with pSP64T when 
linearized and then transcribed in vivo with sps rna 
polymerase, we prefer to use the xenopus />-globin flanking 
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sequences of pSP64T with phage T7 hwa 

«,u.nc.e are th.n ln».rt«I In^ »»9««rt:. The.. 

xenopuB /J-globin sequences. Mtween the two 

KOMPLB 3: ^PARATIQN OP PLASlJlD CODIMG Foi, 

A convenient marker gene for demonstratina i« • 

sequences was produced by adding the ^.^^ J . 
Bglll site Of PSP64T. We used caI ^ne ^ ! ° 
»aXX B^/HindXXZ frag^ent froTp^:^." tViZ^Z 
the American Type Culture Collection, RocJiie T 
Accession Ho. 37155). However, the CAT Tele i' 
UB«i in aolecular biology and is Lnl? , 
sources. Both the c^f Bal^L^xi ^1^^^^ "7^°^^ 
Bglll-cleaved pSP64T were incub^S ^1^1"' 
fragment to generate blunt ends, and wiL ,f 
T4 DNA ligase to form pSP-CA^^ 

The small Pstl/Hindlll fragment was th«« 
purified. Which comprises the ^T 

3' ^-globin flanklnc 5' 
»fj.oBin zianking sequences of bspsaip 

(international Biotechnologies ino , 1 f "^""^ 
and v4«^-P<r-P *-"*wxogxes. Inc.) was cleaved with PstT 

and Hindlll, and the lono iina>* " 

.ra^e„t «. t^^ c^eaTitr T 
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DNA llgase to form a plasnid designated pT7CAT An. Clones 
are selected on the basis of ^-galactosidase activity with 
Xgal and aapicillin resistance. 

5 EXAMPLE 4: PREPARATION OF PURIFIED DNA TEMPLATE 

The plasnid DNA from Example 3 is grown up and 
prepared as per Maniatis (supra), except without RNAse, 
using 2 CsCl spins to remove bacterial RNA. Specifically' 
E. coll containing pT7CAT An from Example 3 was grown up in 
10 ampicillin-containing LB medium. The cells were then 
pelleted by spinning at 5000 rpm for lo min. in a Sorvall 
RC-5 centrifuge (E.l. DuPont, BurbanJc, California 91510 ) , 
resuspended in cold TE, pH 8.0, centrifuged again for 10 
Bin. at 5000 rpm., resuspended in a solution of 50 mH 
glucose, 25 mM Tris-Cl pH 8.0, 10 «M EDTA, and 40 mg/ml 
lysozyme. After incubation for 5 to 10 minutes with 
occasional inversion, 0.2 N NaOH containing 1% SDS was 
added, followed after 10 minutes at 0" C with 3 H potassium 
acetate and 2 M acetic acid. After 10 more minutes, the 
material was again centrifuged at 6000 rpm, and the 
supernatant was removed with a pipet. The pellet was then 
mixed into 0.6 vol. isopropanol (-20- C) , mixed, and stored 
at -20- C for 15 minutes. The material was then 
centrifuged again at 10,000 rpm for 20 min., this time in 
an HB4 swinging bucket rotor apparatus (DuPont, supra) 
after whicsh the supernatant was removed and the pellet was 
washed in 70% EtOH and dried at room temperature. Next, 
the pellet was resuspended in 3.5 ml TE, followed by 
addition of 3.4 g csCl and 350 ^1 of 5 mg/al EtBr. The 
resulting material was placed in a quick seal tube, filled 
to the top with mineral oil. The tube was spun for 3.5 
hours at 80,000 rpm in a VTi80 centrifuge (Beckmin 
Instruments, Pasadena, California, 91051). The band was 
removed, and the material was centrifuged again, making up 
35 the volume with 0.95 g CsCl/ml and 0.1 ml or 5 mg/ml 
EtBr/ml in TE. The EtBr was then extracted with an equal 
volume of TE saturated N-Butanol after adding 3 volumes of 
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to th. bana, di8«rdl«, th. ,pper ptae. ««:U the upper 
ph.so is cl«ir. »e«, 2.5 vol. ^ ^ 
«terl.l »ae precipitated .t -,o C tor 2 ho.^.. ^ 
r«,ult«* DMA precipitate is a. . ma t«.pi.te ^ 

s preparation of nSKA in »itr<>. •"PMra lor 

Xanax 5: mPARATIOB OP DSHA FOR HIAHSPBCTIOH 
10 The ™a £«« Ex«.pl. 4 was linearises do«»tr«« of 

th. POly A tail With a s-fold «,c«,s of Psti. ^ 
ll».rls«i «A «a. then purified »ith two phenol/ohlorot^ 
«tr.atio«. foUo«d by two chloroform ««ractio». Z 

IS ^ J^"''^"^ "^^^ «> = volumes Of 

« EtOH The pellet wa. resuspe-ried at about l 

treated deionized water. OBP- 

400 »T; * «•« Prepar«i, oomprlsi.^ 

SO order to one volime of DEP-treated water at r=» 
t««P«.tur., 1 „lu« T7 transcription buffer, prepared 
^.r r»TP. rCIP, .M rOTP to 1 ^ =once„tratio;/rSTT^ 
0.5 M ooncentration, 7.«5(5')ppp(5')0 cap analog ,Hew 
ingland Biolabs, B«,«:ly, Massachusetts, owsi) to 0 s !m 

Wsco^slJr"^ conc-rtration, HOsin ,Pr«ega, H,di«„, 
Wisconsin) to 2000 D/„l concentration; ««| T7 
polymerase <».E. Biolabs) to «ooo vm eonoentratlon. 

This .ixture was Incubated for 1 hoar at 37 c. The 
30 "ccessful transcription reaction was Indlcatld Ty 
Increasing cloudiness of the reaction mijcture 

Following 9«»ratloB of the «sha, 2 D KQi aase 
(iwmega) per «icro,r«i of ENA teuplat. used was added^ 
» Z T""^ ^ «» t-P^ate for is nirtes ^ 

*loroforVphen,l .n^ 

with 0.3 H NaoAc in 2 VOIU.MI Of jtOH, ««j the peii^: wa. 
resuspended in 100 .1 DEP-treatl deionised wat^ per Z 
.1 transcription product, ihi, «^utlon was passed «„ « 
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RMAse-free Sephadex 650 column (Boehringer Mannheim #100 
411) . The resultant nRNA was sufficiently pure to be used 
in transfection of vertebrates in vivo, 

5 

EXAMPLE 6: PREPARATION OF LIPOSOMES 

A nuaber of liposome preparation methods can be used 
to advantage in the practice of the present invention, one 
particularly preferred, liposome is made from OOTAP as 
follows: 

A solution of 10 mg dioleoyl phosphatldylethanolamine 
(PE) and 10 mg DOTAP (from Example 1) in 1 ml chloroform is 
evaporated to dryness under a stream of nitrogen, and 
15 residual solvent is removed under vacuum overnight. 
Liposomes are prepared by resuspending the lipids in 
deionized water (2 ml) and sonicating to clarity in a 
closed vial. These pr^arations are stable for at least 6 
months. 

Polynucleotide complexes were prepared by mixing 0.5 
ml polynucleotide solution (e.g., from Example 5) at o!4 
mg/ml by slow addition through a syringe with constat 
gentle vortexing to a 0.5 ml solution of sonicated DOTMA/PE 
or DOTAP/PE liposomes at 20 mg/ml, at room temperature. 
This procedure results in positively charged complexes 
which will spontaneously deliver the polynucleotide into 
cells In vivo. Different ratios of positively charged 
liposome to polynucleotide can be used to suit the 
particular need in any particular situation. 
Alternatively, as reported by Feigner, et al. (supra), it 
may be advantageous to dUute the polynucleotide (D»A or 
SNA) with Hepes buffered saline (150 UM Nad; 20 mN Hepes, 
PH 7.4) prior to combining the materials to spontaneously 
form liposome/polynucleotide con^lexes. in many instances, 
however, the use of solutions having low ionic strength 
(such as sucrose) instead of saline solution is believed to 
be preferable; in particular, it is believed that such 
solutions facilitate delivery of polynucleotide to the cell 
by minimizing precipitation of polynucleotide/lipid 
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con^lex. 



Bl. iU.lUty Of MHA eodtog for chlonaphenleol .oetyl 

JZ.^ .Tz'tr ^j^. -7 - - 

b.low, p«p.r^ ^ ^^^^^^ J^«t"»» 

«.<.o.i„al .uscu into ^J J^' J^JT*" *^ 
«»rto. oro.., niinol., together with .oo .Hf ^ 

20 The contents of the aortar wer. «,„ ^ ""rteetant. 

With . .ispoeehxe peetT ""^ ^UTT 

^^suri'r/to "«»<.i.r^ 

pressurised to 6 atmospheres with nitrogen at 4-c \^ 

th^l^and pro*>o. a cruae iysate. ^ x^ate «^ 
oentrifugea In a •dcroo.rtrifuge at 13,000 rpm, 4-c for « 

each saamle /the suB*y^«4..«4. *^a.r8t, 7S of 

f«r i-Jr K «"P«n»atant pr^ar«d above) was Incubated 

for two hours at 37 'c with k i «ia *"wuoatea 

. , ,0 ,1 . col, 'LI Tr^z 

the .dxtur. was again inoubated for 2 hours at 3tT T 

oTnlo'^J"""" ^ '^'^ ^ - ^ - ^ 

organic phase was removed and lyoDhlli^o^ * na laie 

Chtrifug. .speeavac. sevant ZT^'Z'^J.J^-Z 
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resuspended in 20 /il EtOAc, and was spotted onto a silica 
gel thin layer chroaatography plate. The plate was 
developed for 45 ninutes in 95% chlorofonn/5% methanol, was 
dried, and was sprayed with a radioluninescent indicator 
(Enhance Spray for Surface Radiography, New England Nuclear 
Corp.)* The plate was then sandwiched with Kodak XAR5 film 
with overnight exposure at -70 'C, and the film was 
developed per manufacturer's instructions. The following 
results were obtained: 

FORMPIATTpyf 



(Ho. positive/total) 

1. 1 ml Optimem;37.5 pg DOTH& 0/6 

15 2. 1 ml Optimem; is pg CAT SNA 3/6 

3. Formulation 1 plus 15 /ig CAT SNA 4/5 

4. 10% sucrose; 37.5 pg DOTMA; 15 pg CAT SNA 3/6 

5. 10% sucrose; 187 pg DOTMA; 75 ng CAT RNA 0/6 

CAT SNA: From Exaa^le 5 

"P. DEPC-treated RNAse-free water 
(International Biotechnologies, Inc., New Haven, CT 06535). 



35 



EXAMPLE 8: mRKA VACCINATION OF MICE TO PSODOCB THE 
30 gpl20PROTEIN OF HIV VIRUS ««wuuuH TBS 

A liposomal formulation containing mRNA coding for the 
gpl20 protein of the HIV virus is prepared according to 
Examples 1 through 5, except that the gene for gpi20 
(plllenv3-l from the Aids Research and Reagent Program, 
National Institute of Allergy and Infectious Disease, 
Rockvllle, MD 20852) is inserted into the plasmid pXB6 in 
the procedure of Example 4. A volume of 200 pi of a 
formulation, prepared according to Example 6, and 
containing 200 pg/ml of gpi20 mRNA and 500 /ig/al 1:1 
DOTAP/PE in 10% sucrose is injected into the tail vein of 
mice 3 times in one day. At about 12 to 14 h after the 
last injection, a segment of muscle is removed from the 
injection site, and prepared as a cell lysate according to 
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^aBpl. 7. l.^ HIV i^olttc prot^ sp„o 1. id«,t«i«, in 
th. Zyaf .1„ .ceordin, to th. proc«l««. ot 7 

Th. ^llUy o£ antibody p»,«rt: m 

^ vaccinated .ic. to protect a^m^ aiv Infection U 
S d.te»aj»d by a BT4-.C plaque reduction assay, a. ^Z." 

mA-ec cell. ,CD4+ H«a cells) ar. obtain«l fro. Dr. 
^ ch..-»», (Roc»y Mountain National I*b, Ho„t«„i, ^ 
^ in calt«. in H« «di. ,brl, Gaithersbur,, m,, . 

1^ t'' "^f"^ HIV by addin, approxl-ately 

«nlt. of Biv to .pprotlMtely 10' 
HT«-6e cells, other batches are testm »„ . 
effect o» < " ProtKftive 

l«f«*ion by 

addin, both the Htv and approxi™.tely so ,1 of seru. f i» I 
15 «u.e vaccinated with gpuo 3 ^ ] 

tacubation, the cells of all batches ar. washed, fl^ a^ 
.fined With cry«»l violet, and the .u.b„ of ^t!^ 
The protective eff«t of ^lao i..un. s^i" 
-^«d as the reduction in the number ot pla^.s m the 
Of cell, treated with both wijo «H»-vaccin.ted 
^l.'^^Z,:^ - - batches 
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fliole=,fl.,'«T l-™od.ficient mice (sciD lOce 

(Holeculur Biology Institute, (hbi), la Jolla, ca 92037)1 

I^h T""*^ peripheral bl ^ 

lir.phocyt«, by injection i„to the p.rltc„.al cavi^ 

335=256 (l„s„. iw^peritoneal injection of 40. to 4000 
infectious units of Blv-1 ^ then perfor^d. The .dee 
^5 were «iintained in a P3 level ani»l contains* faeiuH 
In sealed glove boxes. i^iiiiy 

HSHA coding for the „./ protein if nv was pr,p,r«l by 
Obtaining the „.f gene in the for. of a plas^d (p^f 
frc the Hl»io, KoC^iue, » 20.52), reLin, tT! ; 
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gene from the plasmid; Inserting the aef gene in the pXBG 
plasmid for transcription; and purifying the transcription 
product nef nSNA as described in Examples 2 through 5. The 
nef mRNA was then incorporated into a formulation according 
5 to Example 6. 200 microliter tail vein injections of a 10% 
sucrose solution containing 200 ug/ml HEP rna and 500 ug/ml 
1:1 D0TAP:D0PE (in KNA/liposome complex form) were 
performed daily on experimental animals, while control 
animals were likewise injected with Fltt/liposome complexes 
10 containing 200 ug/ml yeast tRNA and soo ug/ml i:i 
DOTAP/DOPE liposoDtts. At 2, 4 and 8 weeks post injection, 
biopsy specimens were obtained from injected lymphoid 
organs and prepared for immunohistochemistry. At the same 
time points, blood sauries were obtained and assayed for 
15 P24 levels by means of an ELISA kit (Abbott Labs, Chicago, 
IL) and virus titer by the plague assay of Example e! 
Immunostaining for Hiv-i was performed as described 
(Namikawa et al.. Science 242:1684 (1988)) using polyclonal 
serum from a HIV infected patient. Positive cells were 
20 counted and the number of infected cells per high power 
field (400X) were determined. Using these assays, at least 
a 2 fold reduction in the number of positive staining cells 
was observed at 8 weeks, and titer and p24 expression was 
reduced by at least 50%. Together, these results indicate 
25 a moderate anti-viral effect of the (m vivo) treatment. 

A volume of 200 ^1 of the formulation, containing 200 
l»g/ml of nef mRNA, and 500 pg/ml l:i DpTAP:DOI»E in 10% 
sucrose is injected into the tail vein of the human stem 
cell-containing SCID mice 3 times in one day. Following 
immunization, the mice are challenged by infection with an 
effective dose of HIV virus. Samples of blood are 
periodically withdrawn from the tail vein and monitored for 
production of the characteristic HIV protein p24 by an 
EUSA kit assay (Abbott Labs, Chicago, IL) . 



30 
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10 



SJ'^^J^^ raOVIDlHG ADEHOSniB DBAimBSB 
TO MICE BY IK VIVO SRMA TSOMSTEfXXcSl^ 

The full-length sequence for the cDNA of the human 
adenosine deaninase (ADA) gene is obtained from the l,300 
bp EcoRl-AccI fragment of clone ADA 211 (Adrian, 6. et'al 
Mbl. cell Biol. 4:1712 (1984). It is blunt-ended, ligated 
to Bglll linkers and thsn digested with Bgiii. The 
modified fragment is inserted into the Bglli site of pXB6 
ADA aHKA is transcribed and purified according to Examples 
2 through 5, and purified ADA mRKA is incorporated into a 
formulation according to Example 6. Balb 3T3 mice are 
Injected directly in the tail vein with 200 ^1 of this 
formulation, containing 200 ^.g/m of ADA mRNA, and 
15 500 /*g/ml DOTAP in 10% sucrose. 

The presence of human ADA In the tissues of the liver 
skin, and muscle of the mice is confirmed by an isoelectric 
focusing (lEF) procedure. Tissue extracts were 
electrofocused between pH 4 and 5 on a non-denaturing gel 
20 The gel was then stained for in situ ADA activity as 
reported by Valeric, D. et al. fisBfe 31:137-143 (1984). 

A preliminary separation of human and non-human ADA is 
carried out by fast protein liquid chromatography (FPLC) 
The proteins are fractionated on a Pharmacia (Piscataway 
25 HJ) MonoQ column (HR5/5) with a linear gradient from 0.05 
to 0.5 H KCl, 20 mM Trls (pH 7.5). Activity for ADA within 
the fractions is measured by reacting the fractions with 
C-adenosine (Amersham, Chicago, IL) which Is converted to 
mosme. Thin layer chromatography (o.l m HaPi pH 6 8 
JO saturated ammonium •ulfate:n-propylalc6hol/loo:60:2) is 
used to separate the radioactive inosine from the substrate 
adenosine. 



35 EXAMPLE 11: IN VIVO EXPRESSION OP PORE RNA AND DKA 
INJECTED DIRECTLY INTO THE OTS(Ss OTlS^ 



40 



The quadriceps muscles of mice were Injected with 
either loo pgrams of pRSVCAT DNA plasmid or lOO ^grams of 
figChUfigHn RHA and the muscle tissue at the injection site 
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later tested for CAT activi-^. 

Five to six week old female and male Balb/c nice were 
anesthetized by intraperitoneal injection with 0.3 ail of 
2.5% Avertin. A 1.5 cm incision was made on the anterior 
5 thigh, and the quadriceps muscle was directly visualized. 
The DNA and RNA were injected in o.i ml of solution in a 
icc syringe through a 27 gauge needle over one minute, 
approximately 0.5 cm from the distal insertion site of the 
muscle into the knee and about 0.2 cm deep, a suture was 
10 placed over the injection site for future localization, and 
the skin was then closed with stainless steel clips. 

3T3 mouse fibroblasts were also transfected in vitro 
with 20 /»g of DMA or RHA complexed with 60 pg of 
Lipofectin* (BRL) in 3 ml of Opti-Mem" (Gibco), under 
15 optimal conditions described for these cells (Malone, R. et 
Proc. Nat^l. AeaH. fi^4 , n p^ 86:6077-6081(1989). The 
same fibroblasts were also transfected using calcium 
phosphate according to the procedure described in Ausubel 
et al.(Ed8) Currgnt Protocols in Moiemnur- i*iT >ii ny , John 
20 Kiley and Sons, New York (1989) . 

The pRSVCAT DNA plasmid and ^gCAT/JgAn RNA were 
prepared as described in the preceding examples. The rha 
consisted of the chloramphenicol acetyl transferase (CAT) 
coding sequences flanked by 5' and 3' ^-globin untranslated 
25 sequences and a 3' poly-A tract. 

Muscle extracts were prepared by excising the entire 
quadriceps, mincing the muscle into a 1.5 ml microtube 
containing 200 pi of a lysis solution (20 mH Tris, pB 7.4, 
2 mM MgClj and 0.1% Triton X), and grinding the muscle with 
30 a plastic pestle (Rentes) for one minute. m order to 
ensure complete disruption of the muscle cells, the muscle 
tissue was then placed under 600 psi of N2 in a bomb (Parr) 
at 4'C for 15 min before releasing the pressure. 

Fibroblasts were processed similarly after they were 
35 trypsinized off the plates, taken up into media with serum, 
washed 2X with PBS, and the final cell pellet suspended 
into 200 Ml of lysis solution. 75 ^1 of the muscle and 
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fibroblast extracts were assayed for cat activity bv 
incubating the reaction ^xture. for 2 bours witT c"! 
^lora»phe„icol, followed by extraction and thin-iLr 
Chromatography, all as described in Example 7. 
5 Figure l comprises autoradiograms from two separate 

iop of r T T"'^' at the 

top Of the autoradiograms and the % chloramphenicol 
conversion, are at the bottom. sample locations 
10 follows: «»«Fxe xocations are as 

Lanes l and 13: Control fibroblasts 
Lanes 2 and 14: Muscle Injected onlv with 

P?a?l eiSu "* «0 >. 

30 • »»* «>»tl»«lt 60 >■ plat, of 3T3 C.U. 

CAT .etivity «. r««IHy «.taet«J 1„ all tour 
inject on site, l, ^our. .mr Injootion ^ if X ^ 
mjactlon slfs 4. hour. .«er i„j«*ion. 

35 8) «d fro. two Of th. ra» injection .it« (Mgur.T 
lan.. 11 20) contain*, levels of car al^lt; 

-P«JM. ^ «» levels of .etivity oT:.iAm 

fibroblasts transiently transf acted it, . ^ 

' '"««eci:ea In vitro under optimal 
conditions (Figure i, lanes 9. lo 21-9^1 mv 
« total a^unt Of c» activity ^^VLo^ZslZ"' 

The vari^iuty 1„ CAT «*ivity recovered fro. different 
-SCI. Site, probably represent, variability inb^^Tt 
the injection and retraction tecbnigue, .i„« .i^^.^^ 
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variability vas observed when pure CAT protein or pRSVCAT- 
transfected flbroblastB were injected into the muscle sites 
and immediately excised for measurement of CAT activity. 
CAT activity vas also recovered from abdominal muscle 
5 injected with the SNA or DNA CAT vectors, indicating that 
other muscle groups can take up and express 
polynucleotides . 



EXAMPLE 12: SITE OF IM VIVO EXPRESSION OP PURE DNA 

INJECTED DIBECTLY INTO THE KDSCLES OF MICB 

The site of gene expression in injected muscle vas 
determined by utilizing the pRSVLac-z DNA vector (P. Norton 
and J. Coffin Hrtffig. Cgl] ftlfti . 5:281-290 (1985)) 
15 expressing the E. ecli ^-galactosidase gene for injection 
and observing the in situ cytochemical staining of muscle 
cells for E. coll B-galactosidase activity. The quadriceps 
muscle of mice vas exposed as described in the previous 
example. Quadriceps muscles vere injected once vith 100 „g 
20 of pRSVLAC-2 DNA in 20% sucrose. Seven days later the 
individual quadriceps muscles vere removed in their 
entirety and every fifth 15 pm cross-section vas 
histoehemically stained for ^-galactosidase activity. 

The muscle biopsy vas frozen in liquid Nj-cooled 
isopentane. 15 pm serial sections vere sliced using a 
cryostat and placed immediately on gelatinized slides. The 
slide vere fixed in 1.5% glutaraldehyde in PBS for lo 
minutes and stained 4 hours for ^-galactosidase activity 
(J. Price et al, Proc. Natn An«d. , y^p^ 84:156-160 
30 (1987) . The muscle vas counterstained vith eosin. 

The photographed sections (Figure 2) are as follovs: 
(A) : Cross-section of control muscle iniected with • 
solution containing only 20% sucrose, iSx iS|Siii2atiiS^ 

iRSVLacZ*"'*at'*^ 25?'''*;?r!?^**~* ? * injected vith 

?J^iS?vely. aagnification, 

40 pSs^cZ?"im5?^"*^ '^^^^ injected vith 



25 
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St '2. ^6 S'iplSf" Of th. 

Approximately 60 auscle cells oi> 

multiple nuclei or the abUity of ZJ^^ T 
400^81 (Figure 2Ei T« « 1, 

ceus i: ^'^^^"^"^ *° intensely blue 

cells, fainter blue staining often appeared ±n\u 7 
bordering areas. This noai- «PPeared in their 

20 Of the histo^I,.!.^ . ? ^ represents an artifact 

we hlstochenical ^-galactosidase stain in whlnh 
reacted x-gal product dlfft,— * ^® 

Qi«4i ^ diffuses before precipitating. 

Similar results are obtained with linear DMA. 

EXAMPLE 13: DOSE-RESPONSE EPEECTS OP HNa itm «»* 
2S INJECTED INTO MDsSs ol SSe ^ 

Experiments with the firefly luciferase r«n«,H- 
(I^C) e^iored the effect of PaLeter^rf doTHv^l'::: 

de.cril«d. mscle extract. « «1 « P"viou,ly 

35 buffer was lOOmM KPi pH 7 a l nmm ^ " 

87 R 1 * ' ""^ 0.1% Triton X 

co«v«:t.a to pico^ 
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curve establiahed by measuring the light units produced by 
purified firefly luciferase (Analytical Luminescence 
Laboratory) within control muscle extract. The RNA and DNA 
preparations prior to injection did not contain any 
5 contaminating luciferase activity. Control aosele Injected 
with 20% sucrose had no detectable luciferase activity. 
All the above experiments were done two to three times and 
specifically, the DNA time points greater than 40 days were 
done three times. 

10 The Figures 3 A to 3 c illustrate the results of the 
following: 

3(A) Luciferase activity measured 18 hours following the 
injection of varying amounts of ^gLDC^gAn SNA ii? 20% 
sucrose and 4 days following the injectiSn of vTryina 
15 amounts of pRSVL in 20% sucrose varying 

3(B) Luciferase activity assayed at varying times after 

5?K{:SKf ^ ^ lipofected into\ Sllion 

fibroblasts (Halone, R. et al. Proc. Kat n Acad tnt net 
20 86:6077-6081 (1989); and after 100% g of ^/i;aT SgAn RNA^S 
20% sucrose were injected into quadriceps. ^ " 

3(C) Luciferase activity assayed at varyina times mft-mr- 
PRSVL DNA was injected intramuscularly. ' ^ 

A. Level of Gene Evnr«>«a< .^^^ 

A dose-response effect was observed \Aien quadriceps 
muscles were injected with various amounts of ^gLuc^gAn »HA 

30 or DNA PRSVL constructs (Figure 3A) . The injection of ten 
times more DNA resulted in luciferase activity increasing 
approximately ten-fold from 33 pg luciferase following the 
injection of lo /*g of DNA to 320 pg luciferase following 
the injection of 100 /.g of DNA. The injection of ten times 

35 more RNA also yielded approximately ten times more 
luciferase. A million 3T3 mouse fibroblasts in a 60 mm 
dish were lipofected with 20 ng of DNA or RNA complexed 
with €0 pg of Lipofectin • (Bethesda Research Labs) In 3 ml 
of Opti-MEM* (Gibco). Two days later, the cells were 

40 assayed for luciferase activity and the results from four 
separate plates were averaged. Twenty of pRSVL DNA 
transfected into fibroblasts yielded a total of 120 pg of 



PCr/US9«/.M15 

-64- 

luclferase (6 pg luciferase/Mg DHA), while 25 injected 
Into masclB yielded an average of lie pg of luclferase (4 6 
pg luciferase/Mg «NA; Pigure 3A). The expression from the 
RNA vectors was approximately seven-fold more efficient in 
5 transfected fibroblasts than in injected muscles. Twenty 
Mg of figLacpgA^ rka transfected into fibroblasts yielded a 
total Of 450 pg Of luciferase, while 25 injected into 
musde yielded 74 pg of luciferase (Figures 3A and 3B) 
Based the amount of dna delivered, the efficient^ of 
10 expression from the dra vectors was similar in both 
transfected fibroblasts and injected muscles. 
8. Tia» Oonrnft of Bvt.i-^oo^^n 

The time course was also investigated (Figures 3B and 

15 IIL -sayed at varying times 

after 25 pg of ^gLuc/,gA„ rna or loo pg of pRSVL DKA were 
injected. Following rna injection, the average luciferase 
activity reached a maximum of 74 pg at 18 hours, and then 
qulciay decreased to 2 pg at 60 hours. m transfected 
fibroblasts, the luciferase activity was maximal at 8 

20 hours. Following ONA injection into muscle, substantial 
amounts of luciferase were present for at least 60 days 

a„^ """^ ^ " ^""^^^ luciferase protein 

and the i„ vitro RKA transcript have a half-life of less 
than 24 hours in muscle. Therefore, the persistence of 

fr^n.r'"'"^ '° ^'^^ ^^^^ ^ ^ to 

the stability of luciferase protein or the stability of the 
In vivo SKA transcript. 



E3CAMPLE 14: PERSISTENCE OF DNA tm une^^ 
30 HOECTIOH AS DETERMINED BY sScH^ bS^ iSS^S 



35 



FOLLOWING 



Preparations of muscle DNA were obtained from control 
unlnjected quadriceps or from quadriceps. 30 days after 
injection with 100 pg of pRsvL in 20% sucrose. Two entire 
quadriceps muscles from the same animal were pooled, «inc«J 
into liquid K2 and ground with a mortar and pestle. Total 
cellular DNA and HIRT supematants were prepared (P m 
Ausubel et al.(Eds) gwrrent Prol-nrol. v^n^nilnr nnlnr,/ 
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John WUey, New York (1987). Fifteen of the total 
cellular DNA or 10 /»1 out of the lOO pi of HIRT supernatant 
were digested, run on a 1.0% agarose gel, transferred to 
liytran* (Schleieher and Sohuell, New York), using a 
5 vacublot apparatus (1KB) and hybridised with nultiprined 
32p-iuciferase probe (the Hindlll-BanHl fragment of pRSVL) . 
Following hybridization overnight, the final wash of the 
membrane was with 0.2X SSC containing 0.5% SDS at 68'C. 
Kodak XAR5 film was exposed to the membrane for 45 hours at 

10 -70'C. 

Figure 4 is an autoradiogram of a Southern blot havino a 
sample pattern as follows: ««ving a 

Lane 1: 0.05 ng of undigested pRSVL plasmid 
15 Lane 2: 0.05 ng of BamHl digested pHSVL 
Lane 3: Blank 

Lane 4: BamHl digest of HIRP supernatant from control 
muscle 

Lane 5: BamHl digest of cellular DNA from control. 
20 unxnjected muscle 

Lanes 6,7: BamHl digest of HIRT supernatant from two 

different pools of pRSVL injected muscles 
Lanes 8,9: BamHl digest of cellular DNA from two different 
pools of PRSVL injected muscle onrerent 
25 Lane lo: Cellular DNA (same as Lane 9) digested with BamHl 
ana Dpnl 

Lane ii: Cellular DNA (Same as in Lane 9) digested with 

BamHl and Hbol 
Lane 12: Cellular WA digested with Bgixi 
30 Lane 13: HIRT supernatant digested with Balii 

(Size markers (A/Hindlll) are shown at the left) . 

Southern blot analysis of muscle I»1A indicates that 
the foreign pRSVL DNA is present within the muscle tissue 
for at least 30 days (Figure 4, lanes 6-9) and is similar 
to the levels of DNA present in muscle two and 15 days 
following injection. In muscle DNA digested with BamHl 
(whic* cuts laisVL once; Figure 4, lanes 6-9), the presence 
of a 5.6 kb band that corresponds to linearized pRSVL 
40 (Figure 4, lane 2) suggest that the DNA is present either 
in a circular, extraehromosomal form or in large tandem 
repeats of the plasmid integrated into chromosome. m 
muscle Wh digested with Bglll (irtiich does not cut pRSVL), 
the presence of a band smaller than 10 kb (Figure 4, lanes 
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12 and 13, and at the 8a»e size as the open, circular form 
of the plasmid pRSVL (Figure 4, lane l) implies that the 
DNA is present extrachromosoaally in an cpen, circular 
form. The appearance of the pRSVL dha in HIRT supernatants 

^fn,/' 'T^ 

aiDplcillin-resistant following transformation with HIRT 
supernatants also suggest that the DNA is present 
tmlntegrated. Although the majority of the exogenous DNA 
appears to be extraohromosomal, low levels of chromosomal 
integration cannot be definitively excluded. Overexposure 
Of the blobs did not revaal smears of hybridizing una 
larger than the 10 kb that would represent plasmid DNA 
integrated at random sites. The sensitivity of the pssVL 
DNA is muscle to DPNl digestion (rigure 4, lane lo, and its 
resistance to Mbol digestion (Figure 4, lane ii), suggests 
that the DNA has not replicated within the muscle cells. 

EXAMPLE 15: IN VIVO EXPRESSION OP PURE DNA IMPIAMTED 
DIRECTLY INTO THE MUSCLE OP ScE^^ 

PRSVL DNA was precipitated in ethanol and dried. The 
pellet was picked up with fine forceps and deposited into 
varxous muscle groups as described in the preceding 
examples. Five days later the muscle was analyzed for 
lucif erase activity as described in Example 13. The DNA 
was efficiently expressed in different muscle groups as 




EXAMPLE 16: DIRECT 6ENE DELIVERY INTO iirwr. TMnm,««, 
I^ECTION OF DNA, DNVCL COMPLBjis OR PURE 
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The DNA lucif erase vector (pKSVL), ccanplexed with 
Lipofectin", was injected intratracheally into rats either 
in 20% sucrose (2 rats) or in 5% sucrose (6 rats). Two 
days following the injection, the rat lungs were divided 
5 into 7 sections: U3L, LLL, RTJL, RML, RLL, AL, (defined as 
follows) and Trachea. The rat lung differs from that of 
the human in having one large left lung off the left main 
bronchus. The left lung for this study was cut in half 
into a left upper part (UJh) and left lower part (LLL) . 
10 The right lung contains 4 lobes: right cranial lobe (ROL) , 
right middle lobe (RML), right lover lobe ((RLL), and m 
accessory lobe (AL). Extracts were prepared by mincing 
these lung parts into separate 1.5 ml mierotubes containing 
200 Ml of a lysis solution (20 mH Tris, pR 7.4, 2 mM MgCl2 
15 and 0.1% Triton X), and grinding the lung with a plastic 
pestle. (Kontes) for one minute. in order to ensure 
complete disruption of the lung cells, the lung tissue was 
then placed under 600 psi of N2 in a Parr bomb at 4«c for 
15 minutes before releasing the pressure. Lucif erase 
assays were done on 87.5 /»! of lung extract out of a total 
volume of about 350 itl. 



20 



25 



Injection RDL RLL LtJL UO. LLL AL Trachea 

Mock 22.6 22.4 21.9 

25 ng DNA alone 21.2 21.5 21. 8 

25 ftg DNA alone 21.7 21.4 21.3 

250 ftg DNA alone 21.7 23.2 21.9 

30 250 ftg DNA alone 22.9 22.5 33.3 

250 ng DNA alone 21.8 21.5 21.8 

25 ftg DNA/CL 20.8 22.2 19.6 

25 ^g DNA/CL 22.9 22.0 22.7 

25 ng DNA/CL 22.2 23.8 22.1 

35 25 fig DNA/CL 20.9 20.9 20.9 

25 ftg DNA/CL 19.8 20.0 20.3 

25 fig DNA/CL 20.5 20.5 19.8 

Luc Protein 

3X10* l.u. 105.3 77.1 98.7 

40 Blank 22.5 

■"S^iL y*^I?®f mim&l that received 25 i<g 

of pi» in 0.3 ml 20% sucrose into the esophagus. (A sample 

containing only water yields 22.5 l.u.) «»a«pj.e 
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20.1 


19.8 




21.6 


21.9 


21.2 






22.2 


21.5 




28.5 


22.6 


22.0 


21.3 


23.0 


25-4 


24.3 


21.5 


20.4 


20.7 


20.8 


20.7 


22.3 


22.3 


22.0 




21.7 


22.8 




22.18 


23.9 


22.8 




21.6 


20.6 


20.3 




19.3 


20.2 


20.1 


20.3 


20.1 


19.5 


19.9 


19.9 


19.8 


80.0 


86.3 


89.6 


178.9 
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sacrificed. (Signa), and then was imnediately 

The luciferase activity in the 25 dna alone and the 
25 DNVCL groups of animals were not greater than that 

20 in the mock animal; however, in the 250 „o n,>. 

animals, three lung sections showed small but reliably 
elevated l.u. activity above control lung or blanks (Bold 
underlined). Duplicate assays on the same extract 
confirmed the result. Experience with the lkb I25l 

25 luminometer indicates that these values, although just 
above background, indicate real luciferase activity. 

EOMPLE 17: UJCIFERASE ACTIVITY IN MOUSE LIVER 
30 DIRECTLY INJECTED WITH DNA PORMDLATIONS 

The DNA luciferase expression vector pPGKLuc was 
injected intrahepatically (IH) into the lower part of the 
left liver lobe in mice. The pPGKLuc DNA was either 
injected by itself (450 Mg DNA in l.O ml 20% sucrose) or 

35 complexed with Lipofectin- (50 ^g DNA + 150 ;.g Lipofectin" 
in 1.0 ml 5% sucrose). Three days following injection, the 
left liver lobe was divided into two sections (a lower part 
where the lobe was injected and an upper part of the I6be 
distant from the injection site) and assayed for luciferase 

40 activity as described in the preceding examples 
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5 Blank (20.2 uj) 

Control: 20% Sucrose Only 20.8 oa s 

50 /ig pPGKLuc + Lipofectln 35.4 03 i 

50 pg pPGKLuc + Lipofectln 38.1 ,1 7 

50 pg pPGKLuc + Lipofectln 22.1 22 , 

10 450 tig pPGKLuc ^2*2 20 2 

450 <ig pPGKLuc 78. a 

450 pg pPGKLttC 21.7 JJlJ 

Two of the three aninals that received the pure 
15 PPGKLuc injections and two of the three animals that 
received pPGKLuc + Lipofectln- injections had luciferase 
activity significantly above background (bold, underlined) . 
The lower part of the liver lobe, which was directly 
injected, had larger amounts of luciferase activity than 
20 the upper part, which was distant from the Injection site. 
Similar results have been obtained using pRSVCAT DNA 
expression vector and CAT assays. Luciferase activity was 
not detected three says after similar preparations of 
PPGKLUC (+ and - Lipofectln") were injected into the portal 
25 circulation of rats. 



30 



35 



40 



EXAMPLE 18: EXPRESSION OP GROWTH HORMONE GENE 
INJECTED INTO LIVER AND MUSCLE 

Mice were injected with the pX6R5 (metalothionlen 
promoter-growth hormone fusion gene) ( Selden RicShard et 

Molec, Cell ftioT- 6:3173-3179 (isse)) in both liver 
and muscle. The mice were placed on 76 mM zinc sulfate 
water. Later the animals were bled and the serum analyzed 
for growth hormone using the Nichols GH Kit. 
A. Two mice were injected with 20 pg of pXGH5 gene 
complexed with 60 ng/wl of Upofectin In 5% sucrose, one 
ml of this solution was injected into the liver and the 
ventral and dorsal abdominal muscles were injected with 0.1 
ml in 7 sites two times. Two days later, the animals mmb 
bled. The serum of one animal remained at background 
level, while that of the other contained 0.75 ng/ ml growth 
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hormone. 



PX^S in 5% sucrose, 2x 1„ the ^adric^, i. 1 
hamstring auscle, ix in pectoralis muscle, a«l ix i„ 
trapezoid muscles on two separate days. The results were 
as follows: 



ID 



15 



20 



25 



30 



35 



Animal No. Growth Hormone (ng/al) :Day i Day 2 

1 " TT ^ 

2 0-6 0.6 

3 1.0 
Background: 0.5 ng/ml 

*^S2°]f ^ROIWCTION IN MICE DIRECTLY INJECTED 
WITH A GENE FOR AH IMMDNI2IHG mTIOT 
Mice were injected with a quantity of 20 pg of a 
Plasmid construct consisting of the gp-120 gene, driven by 
a cytomegalovirus (CMV) promoter. The Dha was injected 

" f ' i«iected 
in the quadriceps muscle with 20 ,g of piasmid in 

isotonic sucrose. Mouse 2 (rigure SB) was injected with 
suc«se solution alone. Blood samples were obtained pri!^ 
to the injection (Day O) at the times indicated on Figure 
5, up to more than 40 days post injection. The serum from 

eLIa'^'J;!"' ""'""^ '"-^^^ ^ « standard 

ELISA technique assay for the detection of antibody, using 

reco^inant gp-120 protein made in yeast as the Ligen 

Til^l "'"^"^'"^ - ^«tJ in 

Figure 5. The study indicates that the gene retains its 

IIT ^ i« efficiently excreted 

xroB cells. 



EXAMPLE 20: ^JBODY raODUCnOH IH MICE IHJECTED WITH 
° CE"^ TRANSFECTED WITH A GENE FOR S 

IMMDHIZING PEPTIDE ^'^ 

The cell line BALB/c C1.7 (TIB 80) was obtained from 
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the American Type Tissue Culture Collection. These cells 
were transfected with the gp-i20 gene construct described 
in Example 19. To 0.75 ml OptiMEM" (Gibco. inc.) were 
added 6.1 of DNA. The quantity of 30 /.g of cationic 
5 liposomes (containing DOTMA and cholesterol in a 70:30 
molar ratio) were added to another 0.75 ml OptiMEM". The 
mixtures were combined and 1.5 ml of optiMEM" containing 
20% (v/v) fetal bovine calf serum was added. This solution 
was poured into a 60 mm plastic petri dish containing 80% 
10 confluent cells (approximately one million total cells per 
plate). At 3.2 hours after lipofection, the cells were 
detached from the plate with trypsin and bdta treatment, 
washed with OptiMEM- and resuspended in o.l ml optiMEM" 
with 10% fetal calf serum. These cells were injected (IP) 
15 into mice. Mouse 12 (Figure 6A) was injected with the 
transfected cells. Mouse ii (Figure 6A) received an 
identical number of untransfected cells. Blood samples 
were obtained prior to the injection (Day 0) and at the 
times indicated in Figure 6. The serum samples were 
20 processed as in the preceding example. Both Ig6 and igM 
antibodies were detected as indicated in Figure 6. 

25 ^^ili'-or'^S. ^s^^Tj^' «>X«=CT 

TWO different DNA templates were constructed, both of 
which code for the synthesis of RNA that express the E. 
coli. ^-galactosidase reported gene. A Lac-Z gene that 
contains the Kozak consensus sequence was inserted in place 
Of the luciferase coding sequences of the p^6Luc^GA„ 
template to generate the p^GLacZ/JGAn template. The 
pBMCLacZ^GAn template was made by replacing the 5' ^-globin 
untranslated sequences of p^GLao2^GA„ with the 588 bp 
EcoRl/Ncol fragment from the encephalomyooarditis virus 
(EHCV) (PE5LVP0 in Parks, G. et al., J. Virnlo^ 60:376-384 
(1986). These EMC 5' untranslated sequences had previously 
been shoWn to be Able to initiate efficient translation m 
vitro in reticulbcytes lysates. He demonstrated that these 
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sequences can also direct efficient translation when 
transfectea into fibroblasts in culture. The percentage Tf 
blue cells was slightly greater in cells transfected with 
the uncapped EMCLacZ/,GAn ^ than in cells transfected with 
5 the capped pEMCLac2^GA„ RNA. Transfection with either 
uncapped or capped pEMCLacZ^GA^ rka yielded a greater 
nu^ Of positive ,-galactosidase cells than transLct!^ 
^ «PPed .GlacZ^SAn RHA. it has recently been shown 

^cin^^T^ "^^""^'^^ - a exponent " 

vacci„ia-T7 polymerase vectors, can increase translation of 
an uncapped »rha 4 to 7-fold (Elroy-stein, 0. et al., 
Watl. hrM , pri . Jj rj\ 86:6126-6130 C1989) . These EMC 

translation from uncapped aessengers. 



10 



15 



prot.il, «pMM«, Off the SV40 pnaotor (Dunn, j. et .1 

««. 259 (1,8.)) «. eo-Upo,.ct«, With 
PEHCI-cZ,Gto t«.pl.t. i«o ,T3 fibr*l.«. i„ eU,Z 

25 vLT"T** " "''^^ tr«,.cripti»„ can occur 
vectors were used: »F™»ion 

i?^pJSrSa?j p^tMtS f-lSSter^^^&e^-i-^^^^^^ - 

la^h Of these two plasaids were co-lipofected with 
pEMC^cz.aAn at l:3 and 3:i ratios into a 60 a„ piatj'!: 
3T3 cells. The nu^nber of blue /»-galactosidase cells were 
35 counted and scored as indicated below. 
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£^*n Ratio: template/ Co-Lipofectant" 

template polymerase vector PSV-Gl-r p^-ei-A 

5 ^GLacZ^GAn 3:1 g 

1:3 0 I 

EMClacZ^GAn 3:1 74 _„ 

10 ^''^ « « 



15 



Two adult mice and one newborn mouse were injected 
with the figuxcfighn "«NA containing the 5' cap and prepared 
according to Example 13. in the adult mice, injections 
were from a stock solution of mSHA at 3.6 pg/^i in 20% 

20 sucrose; injection volumes were 5 ^1, 2 injections into 
each of the bilateral parietal cortex, a injections per 
mouse. Tissue was assayed at 18 hours post injection, 
according to Example 13 using 200 ^1 of brain homogenate 
disrupted in a Parr bomb, and 87.5 pi was taken for assay.' 

25 The results are as follows: 

Treatment Animal i.D. Hemisphere: 
I«ft Right 
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Sham Injection AMra 649 629 

/>gLuc/»gA„ AMTb 1,734 1^3^^ 

The newborn mouse was injected with 1 pi /9gLucflgA« 
(3.6 pg/pl; 20% sucrose) into the bilat^ai fSS,^.^* 
tissues were similarly pwcesseT^d alil^ed.^^ ""^ 

Treatment Animal I.D. Hemisphere: 

l«ft Right 
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FUNCTIONAL EXPRESSION OP DYSTROPHTH TM 
DYSTROPHIC MOUSE MUSCLE IN VIVO «XSTR0PHIN IN 

A plasmid containing the dystrophin gene under control 
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of the Rous- Sarcoma virus proaoter was prepared froa the 
Xp21 plasmid containing the complete dystrophin coding 
region and the SV40 poly, a segment, which was cloned by 
Kunkel and colleagues. (Brumeister M., Monaco AP, Gillard 
EF, van ommen GJ, Affara NA, Ferguson-Smith HA, Kunkel m, 
Lehrach H. A lO-aegabase physical map of human Xp2l,' 
including the Duchenne muscular dystrophy gene. Genomics 
1988 Apr 2 (3):l89-202; Hoffttan, ep and Kunkel, m 
Dystrophin abnormalities of DucShenne's/Becher Muscular 
Dystrophy. Neuron Vol. 2, 1019-1029 (1989); Kbenig M 
Monaco AP, Kunkel IM. The complete sequence of dystrophii 
predicts a rod-shaped cito-skeletal protein. Cell 1988 
Apr 22, 53 (2):219-26) 200 ug of the plasmid in lOO ul of 
phosphate buffered saline was injected into the quadriceps 
the mutant mouse strain lacking the dystrophin gene product 
(MDX mouse; Jackson labs). Expression of functional 
dystrophin was monitored 7 days post injection by immuno- 
histochemlstry according to the procedures described by 
watkins et al. and using the same anti-dystrophin antibody 
20 (anti-60 kd antibody with a fluorescent secondary antibody) 
obtained from Kunkel. Functional expression of the 
dystrophin gene product in the dystrophic mice was detected 
by comparing the pattern of fluorescence observed in cross- 
sections of quadriceps muscle from injected animals, with 
25 the fluorescence pattern observed in normal animals. 
(Watkins S.C., Hoffman e.p., siayter H.S., Kinkel L.M. 
Immunoelectron microscopic localization of dystrophin in 
ayofibres. Mature 1988, Jun 30; 333 (6176:863-6). Normal 
dystrophin expression is localized underneath the plasma 
membrane of the muscle fib«r, «o that a cross section of 
the quadriceps muscle give a fluorescence pattern 
encircling the cell, m addition dystrophin expression was 
quantitated by Western blot analysis using the affinity 
purified anti-60kd antibody. 
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EXAMPLE 25: AOMINSTRATION OF THE CORRECTING DYSTROPHTm rvm 

Patients with muscular dystrophy are given multiple 
200 ug injections of plasmid containing the functional 
dystrophin gene (see previous example) in lOO ul of 
phosphate buffered saline. While under light anesthesia 
the patients are injected at 5 cm intervals into the entire 
skeletal muscle mass directly through the skin without 
surgery. Patient recovery evaluated by monitoring twitch 
tension and maximum voluntary contraction. in addition, 
biopsies of 300-500 muscle cells from an injected area ar^ 
taken for histological examination, observing muscle 
structure and biochemical analysis of the presence of 
dystrophin, which is absent in patients with Duchenne's 
muscular dystrophy. Respiratory muscles, including the 
intercostal muscles which move the rib cage and the 
diaphragm, are particularly important impaired muscle 
groups in patients with muscular dystrophy. The 
intercostals can be reached by injection through the skin 
as can the other skeletal muscle groups. The diaphragm can 
accessed by a surgical procedure to expose the muscle to 
direct injection of plasmid DNA. 

There will be various modifications, improvements, and 
applications of the disclosed invention that will be 
apparent to those of skill in the art, and the present 
application is intended to cover such embodiments. 
Although the present invention has been described in the 
context Of certain preferred ettbodiments, it is intended 
that the full scope of these be measured by reference to 
the scc^e of the following claims. 



wo 90/11092 



-76- 



PCr/US90/01515 



WHAT IS ctATWRn Tf^j 



10 



15 



20 



1. A pharmaceutical product, comprising: 
naked polynucleotide, operatively coding for a 

biologically active polypeptide, in physiologically 
acceptable adainlstrable form, in a container; and 

a notice associated with said container in form 
prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharmaceuticals, whicsh 
notice is reflective of approval by said agency of 
said form of said polynucleotide for human or 
veterinary administration. 

2. A pharmaceutical product, comprising: 
naked polynucleotide, operatively coding for a 

biologically active peptide, in solution in a 
physiologically acceptable injectable carrier and 
suitable for introduction interstitially Into a tissue 
to cause cells of said tissue to express said 
polypeptide; 

a container enclosing said solution; and 
a notice associated with said container in form 
prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharmaceuticals, irtiich 
notice is reflective of approval by said agency of 
manufacture, use, or sale of said solution of 
polynucleotide for human or veterinary administration. 

3. The product Of Claim 2, wherein said peptide is 
immunogenic and administration of said solution to a human 

30 serves to vaccinate said human. 

4. TbB product of Claia 2, idierein said peptide is 
therapeutic and administration of said solution to a human 
in need of therapy relating to said polypeptide has a 
therapeutic effect. 

5. A pharmaceutical product, comprising: 

naked antisense polynucleotide, in solution in a 
physiologically acceptable injectable carrier and 
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suitable for introduction Interstitially into a tissue 
to cause cells of said tissue to take up said 
polynucleotide and provide a therapeutic effect; 
a container enclosing said solution; and 
5 a notice associated with said container in form 

prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharmaceuticals, which 
notice is reflective of approval by said agency of 
manufacture, use, or sale of said solution of 
10 polynucleotide for human administration. 

6. A pharmaceutical product for treatment of 
muscular dystrophy, conprising: 

a sterile, pharmaceutically acceptable carrier; 
a pharmaceutically effective amount of a naked 
polynucleotide operatively coding for dystrophin in 
said carrier; and 

a container enclosing said carrier and said 
polynucleotide in sterile fashion. 

7. The product Of claim 6, wherein said 
20 polynucleotide is DNA. 

8. A phatinaceutlcal product for use in supplying a 
biologically active polypeptide to a vertebrate 
comprising: ' 

a pharmaceutically effective amount of a naked 
polynucleotide operatively coding for said 
polypeptide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

means associated with said container for 
permitting transfer of said polynucleotide from said 
container to the interstitial space of a tissue, 
whereby cells of said tissue can take up and express 
said polynucleotide. 

9. The product of Claim 8, wherein said container is 
35 a syringe. 

10. The product of Claim 8, wherein the amount of 
said polynucleotide in said container is at least 5 
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laicrograms. 

11. A pharmaceutical product for use in inmrunizina a 
vertebrate, comprising: 

a pharmaceutically effective amount of a naked 
5 polynucleotide operatively coding for an immunogenic 

polypeptide; 

a sealed container enclosing said polynucleotide 
in a sterile fashion; and 

Beans associated with said container for 
permitting transfer of said polynucleotide from said 
container to the interstitial space of a tissue 
Whereby cells of said tissue can take up and express 
said polynucleotide. 

12 The product Of Claim li, wherein said container 
15 is a syringe. 

13. The product of claim ii, wherein the amount of 
said polywicleotide in said container is at least 5 
micrograms. 

14. A pharmaceutical product, comprising: 

20 a pharmaceutically effective amomt of naked 

antisense polynucleotide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

associated with said container for 
permitting transfer of said polynucleotide from said 
container to the interstitial space of a tissue 
Whereby cells of said tissue can take up said 
polynucleotide. 

30 ^ °' polynucleotide operatively coding 

30 for a Physiologically active polypeptide in the preparation 
of a pharmaceutical for introduction interstitially into 
txssue to cause cells comprising said tissue to produce 
said polypeptide. ^ 

35 "* according to claim is, wherein said 

35 Pharmaceutical is for introduction into muscle tissue 
Whereby muscle cells produce said polypeptide. 
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17. Use according to Claim 15, wherein said peptide 
is dystrophin and said pharmaceutical is for treatment of 
muscular dystrophy. 

18. Use of naked antisense polynucleotide in the 
5 preparation of a pharmaceutieai for introduction 

interstitially into tissue of a vertebrate to inhibit 
translation of complimentary polynucleotide in cells of 
said vertebrate. 

19. A method for delivering a pharmaceutical or 
10 immunogenic polypeptide to the interior of a cell of a 

vertebrate la vivo, coqprising the step of: 

introducing a preparation comprising a 
pharmaceutlcally acceptable Injectable carrier 
and a naked polynucleotide operatlvely coding for 
said polypeptide into the interstitial space of a 
tissue comprising said cell, whereby said naked 
polynucleotide is taken up into the interior of 
said cell and has an immunogenic or 
pharmacological effect on said vertebrate. 

20 
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